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Executi ve Summary

Thi cudnent presents recommended code changes t

Commi ssion wi ||l be co2aB8BR défi yguf bavadopmment s
suggestionhbhepadopttoninpb @ese wlkemdillder s. com
Comments will not be released for public revi

| ntroducti on

The Codes and Standard&amiBnhhanoemgnte se@MASE) eco
t o s utplp@arlti fEonrenrigay Co insginegiggyn Conpmmesbopbts to up
the CalifoCmdeal i EfeP&gwit 6) to include new requ
exisag requirements foThrveaali iofusr niea hinvy egti ers . O\
(Il OWPpcific Gas and EIl ectrian doflpamwmbyo, u tShaenr nDi e
Cal i fornniiasntdBvd®iuddm cl y ©Oiwieleods UAnigleil es Depart ment
and Poawedr Sacramento Muni-CcCheerdifretrirleidt y oDiast tt ihe
Stewmi de CASBWhE@amncl uding )spenGASEdAef hort . TF
program goal i's to prepawaeutaehsdu Istuebfnfi e c tpertoep o s a
enhancemenitwmprove energy efficiency and ener g
buildings. This report and the codepachamdgetmhre
effort to devel opf tecthinveméeés anidnfcosmati on for
on buiddri-gnfigf ieci ent design practices and techno

The Statewi de bOWNStEs Tcecadre scuhange proposals to t
t he sgencecy at hat has authority to adopt revisic

Commi ssion will evmiltutagd ke Ipy otploes a$tsatsaivbi de CASI
stakehol ders. The Energy Commi ssion may revi s
Commi ssi2hoTsi t210e 24 website for information at

how to participlateps re/ntelwegwp rcac egsasndpr ogr ams
topi cs/ progamsedhfuiicsitieanncdya r ¢bsi1/i 2-@A dhrgpdVf | Ci ency

The overal IFIigGASE oRephretsemdcdbdepchange propos:
pi pe dieaikndg . ,eslteamkgni tamrdi ngs ed aio mplshges treenpso.r t
contains pertisnuepmpto tihrefnagrodaet icchhm n g e .

MeasWreesscri ption

Background I nformation

Compresded oditren called the fourahteti waterfor
el ectricity, e dacsisadt lerdalengag.y Tonsumption acc
percefntal | el ectri ciitayl us¢excgteoerir gyt hGi reiemnds@ sbthrle,,

et al .Ba2sOeld® haear ket si zefomlchieatebo@maedor ni a
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compressed air energyY,d@dgawmpt t oyheodu® Wra/py ru)t
Comressed air i g awngdcd gf srpea twiudre eofd aypgdf iroant i o
handhel d tool s-btuolltamg@e,umaustcomachines, to co
tansportation in manufacturing praoeoelisgeisty Thi s
andi sutriiodbn compressed air throofghentrestaceldit
ut i, | idteyspi te it not being strictly so

Desptihies wi despireadi venesgge, there remain mar
efficiency i mprovement and i ncr eas®dayv ardalpthk ey
handbooks and guidelines for compressed air s
avail atbrlaedebyassoci atsi,o man,d pwhipiresesed air manu-
Al t houghcdamheiret escy between these various ref
practices i.soGhetchasgesedcan hel p encourage pr ¢
managemernvast | yhiam@antyantn effofuirctihe nutt i | i tvy.

Compressed air typically travels through di st
ciDembysd de inefficiencies in compressed air
es and @manimhiapipalopde aitnec lpundder usebsl i zati on of
mpressed air such as open Apitpd ikxliawi rdge mamn dc
cessr and energy use due t O®O®nel svaree o9ystemi
mand I s excessiwveapsestsemebrédoasseemd tered swue

sul tiumglefrrsamed pipingcaleateesisziee pirpich g ona
essure | osses fr Opremratpatrdddyma rmeevd ntgo aiimcr ease
essure setpoint at tuhree saadu rtchee setnan huasted tilsé spu
ndersized pipe to a critical end wuse can
if the rest of the distribution system i
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ressed Air Challenge guidel iemms shguleds tb a
gnevde tloeshsa t han 10 percent pressure | oss L
end use. Thispemceutdelsomadboiun t he rncerngpr es s
filftigwesr cemd for the ffMaits oalal THOOSIagn | e
e
u
n

-5

ved by either comprehensively designing
|l ations or by |l imiting the air velocity
g and 30 ftw/ seirvidiestininbytpis@rie egn pPpopg ¢
artificial |l oads which add about 1 perc
unds per square inch (psi) increase in disc
ictional pressure | oss.
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e tphysmeatblre-posesthi ghair, piping and tubing
vironments, vibration, and | ong usef ul i fe
Il qui t ousA crheadd emaglel.e target for | eakkO0Oin an
r coefntt ot al silpwegenaltdypwaatdynt f e3rppabooefnt 20

ad in messedompr systems without proactive
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(U. S. Depart mentExtfr &€melr @gthteR @gdafbn dmr ni a compr e
air geyneerstrianag2el,y® 00GWh ar e evacsh enpde alreaks
statewi de

Leak identification and repair shoul dwme an o
of the barriermptemandboapti om aihdl ¢ akarma nlaggekne n |
of edabadsibility and quartriofra pgabil iéhiet iemamciaald be
figuriantviivseda bi Il ity of | eaks bgetys ilmmakusyirni alh ef aom
and is estdggpanpabl ecompmesdwoaldaipadfai | e

Additionally, | abor to repair | eaks is not tr
prachasenotesbabhi bbedmi ng more daunting over
As | eaks atbemuktanesi mply become an actepted

due consiTdheernatpircanc.t i ces such as r eploagceinng afldi |
valves can becoymstasan edudeptradti ce.

Recent devel opments and trenadkeitnithniteé udemphes
coeff fecti viemngmecemiutiggrment t hat <can track | oad, s
consum@pAnioamandasbapdard in Canada whay trreeentl y
Canada Standar d€SAsffl&®haktcommsepdsi fi c monitor

systdeensi gn and s@recdadmErad S DendModniirt osryisntge nssy.st e ms
address barriers to adoption and jhiystificatio
guant afhygi dg slpd aky i Ingendkes gan ®&/fafl vetss t hr oughout th
systceaalm be used f ort ezdreiarkgidbedcefcajpguwohnct aon wi t h
monitoring dat a.

Furthermore, tracking of total system efficie
ef fici evrdeyx poercntoaethieor gy consumption that woul d
action. A monit osrifnagc islyisttye no peenraabtloer s t o cl ear |
energy and cost r eltrudenesd ,oft Tseutckhg ieXdfgamtgress.lt 6
requirements forsgempmessad aapiilmalbper adtemsn
system woul dychédarsl,yenthamt@infdg efpéd eoif s tee@med s ng
requirements as well as pr oSwiedciinfg ca esfd urca ee nocfy
primary key pieadtoarma(nKRl )i nidn most moni foring s
both ensuriemg etfdtiali enyggutaainmgeaalkssg iemspecial ly i
that include centrifugaéxcempafeisewr s that may
I n addition to theée ohgbemagsmanmagembder | ife of
system, new pipingbe nlsetaakl |aantdi opnrse ssshuoruel dt e st e d
up. Leaks present in distribution piping at i
addresse opeduwd iitgmagdg i naccessibility and prod

Stakehol der s have ssyusgtgeensst esdhtotoulil @id lbnacdwe e lo If
bel e r ciefntpr oper | sye aleesd elde fatntkde hetight many i nst .
contr petrdaoppr opr i atte nlge akn tiemst alTH&tatoemwi chet a
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CASE Team plans te dgdtaeasgethng inbostg & onmad rokwa tn g
best prRerntilckeersmore, initializing woesgdsem at
help establish a baseline for subsequent moni

Th&8tatewide CASE TdamlUee vrplrapesdah -§iode supply
me as uwheiswdraedopt ed . io® n2 Cpdf Ipearper was written on
recommended erp&€abi bosmPamtds6 Thuilledi2Adg codes a
industria( MomEBaghri2nécll3uyded i n these i ndwegteri al
compressed air ppippergsilziarkg,t esandhpegetyetbdbntr e
requirements for cehltlribwtgattheompmerssnsesd air
requirement ssdaesskeei ng .a hinslugt obgeossta Fpweaycst,i c e &
design handbooks, and a Canada mo@adtoveéemgtlse a
yeabst those were not st reincetrlgyy tcaordgeest.i ng Cal i

Proposed Code Change

The proposkekdngedeo Title 24, Part 6 includes
Covered ProcessesiMaencdtaitoonr yl 2R0e.qou@ enfermeesng esd f dir C
Systems. The new | anguage includes requiremen
monitori ngfEysmnpamsssor power ,aradedsl st esnt il o da f
piping installationswouddhev er oproy ediu imledtishu gt etsey p
covered pwowupes mawti |y i mpact industri al and m

The monitor wogilwompasturaew ¢0b£3 taedadd ttailadmes at i ons
(AAr compressed air. BystemssbeesaeadmBOl dpwhi ch
requires a |liomdt seqgeehstsogmecoc@dases monitoring
sequencing can be aceoeplui plehetsbtyi ntgheansdanpi pi n
Si zi ng nmeoausludrpeasetwi pi ng systemephatamgeeeaodon or
t hanadj0oilninreqar feet

Scope of Code Change Proposal

Tablsummari zes t he scopaenges tahned pwhoipcohs esde ccthi o n
Stand®ede&rence Appendi ces, MAl h(eAdhM)t | Rreef eCael nccuel
Manuahd compl i ancwo udcelc mmelnitftsheed pr opoesed chang
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Tabl:e Scope of Code Change Proposal

MeasurType of Modi fi Modi fie Woul d Modi fied

Na me Require Sectio24 Part CompliaComplianc
of Tit Appendi Softwar Documgnt
Part 6 Modi fi e

Pipe Mandat o Secti oN/ A N o NRGPR®@ 1E

Sizing¢(NC) 120. 6(

Leak Manadt or ySecti o NA7. 13 N o NRGPR®@ 1E

Monitc( NC and 120. 6( NRCARR@ IF

Leak Mandat o Secti oN/ A N o NRCARRD IF

Testir(NC and 120. 6(

Mar ket AamadyRegul atory Assessment

The compr es s ecdo napirre snegsir keests or man J fi aatyu regrud ,p meuw
manufacturers, distributors, contractors, eng
associateondsruss.anfdhese entities engage with one
facilities have cust ogn strerms afbd reB ¢ctpamapre essedls .a
and training are | argely developedomadhtdanmtvs d
manufactorgeseral, there are no technical bar
code changes i n any tghey narae pb a s exdeisana diabel syt pr e
avai ltaklheol ogy

Pipe sizing and design guidelines RAressworesi st
drop targets and met hods f orunadcehrisetvoiondg atnhdo steh e
specific guidelines nwe tthaalll esndar defsrigenl y edwai
used to size the diameter and | ersgtshysafenpi pe
pressure, |l oads, velocity, and target pressur
explained that any givem deosoilgsn afnidr np rnaacyt i hcaevse

may not adhere to $thaelkehdbleder praavteée cexpl ai ned
douments ar,e alotuhtoiungech ynot uni versahbyrudtabhec
industrial Endsruskdrad i foasidrid yalospe rfarteoea st o de s
install their pipilnng asnyysntsebnaske | tehresmsneal yviegspg tn gf or
than speci f-¢c etdt iasg ameaswgr ¢ he constpoacénbnaply
under cdiegiigng measur es

Moni tor i nrge sosfe dc campr systems is a growing trend
with proactive, | arsgyesrt efnasc iariet i aevsai IMobnlie ofrarn gn
situation, through a wvari et yb aosfe dc odnantuan isctaotriaogne
int ernf anboard hardwar e, and a wide range of m

Leak testing of new pipingsirnsg al daelstdeotracttiicre
observing the pressobsesedeacmpmr d s ar slysda-kiimg dur
produatito@m,sont ec loe@am,ydaei rectl y measuring | eak
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According to stakehol derns,molseta kn etwe sptiipnign gi si npset

i's not necessarily ubiquitous.

The proposed measwraeg gsotwaskié do li dangra< ti mitrhe compi
mar kBeui | ders (system installers) would have tc
documents, meteriamgdi petahti iaali lomsact as test 1
t estBunigl.ding designers would need to adbere to
not already and provide plans that demonstrat
reviBeuw.l di ng downcecruspaannt s woul d be 1 mpacted pri.
especially for moni t oBuiinlgd isnygs tienns pceocnpoornse natnsd. p
woul d have to perform new @ormpfei dreasiiganaagldlaend pi
confirm that snepw epgispuihnequ thFdiledh Idi n gwdwli € i manwse t o
verify that i nfsuradtliednanletanmd nign iaccordance wit
requirements

Al t hough there is some overlap with existing
generabdty compressed air except in healthcare

with any other state or feder plracddes. glun dwed ti
sucht mes Compressed Aids @QAGElI )\GaGommasad < @a seAi r
Handbweke usedevel op this proposal

CosBf fecti veness

The pr ocpoodsee dc hange waw effofuencdt itvoe bfeor al i tcl i ma:
i s pspefgbet orequiredtacodB/iCdMNied c o nbpeanresdst dtshte
savithg st heoveeas ttyseaarl o er i o dProdp ocasnead hyesa tsb a t
haved/&ati o of larCeowerf fgercetaitveer. HB/hfeatl iacg ,d etrh ¢ hfea s
the measure pays fooasaviskdded room femwerr gmodel ed
protothyepe€anti s HeOwWOamMdr t he piupeasu2rddng
andl®or the msmamedouriagdgdaad 28. 10 for the | eak
S ub meraes u

The mesasruegoed dependent &re Selcitifeotind ez onee hodol ogy
assump,fainadng esutosestfbdectheeness anal ysis

Statewide EneEgegerWampamds GreenhdusHEgG Gas
Emi ssilompst s

Tab2preseéehesesti magdred dckereapgayct s of the propose
c hantghewoube realuirzdedg If2no s tthhsat t he 2022 Titl e
requirement sFawyetarewethteeher gy 1| mpaddtfsheare re
foll oneit mglestriciitny gsiatvawnagisst per y geara k( @Wh/cyrr)i ,C
demand r enduncetgiaownat,hat ¢ M&) gami shvongshenms per
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(MMTheft ms) , dependmdett (9 D¥hergy sBBVIODgGS8ritish
thermapeunyitbakrBt(uSg &pctGfooor mor endethgielbs r st
statewi dealltpdat®d by t he SSeacttdico ndtead@s§E| $eam
on t heniptrenergy savings calcul ated by the St

Tab2€&i rYeta®t at emndyegntmpact s

Measur e Electi Peak El e Natur a TDV En

Savit Demar Savir Savir

( GWh / Reduct (MMTher (TDKWBt ul/

( MW yr

Pipe Sizi 13. 125 N/ . 382, 33
LeaMoni tor 29. 3.1 N/ . 815,19
Leak Test 1. 019 N/ . 39, 4414
The energy analysis utilized four prototype s
cycle for the introduction ofPipempreaed nngd saivr n
were calcul ated by comparing properlyesized p
size. This approach provides a conservative e
unegdr si zed by multiple standard size increment s
assumed conditions.
For each site, the | eak testind earkd mwonuiltdo rbien
reduced from apene(elnbawg ee nodd 02f0 t ggsiuenatlt i lo@ak t loo 4
per c(emiegnhd of t arOg e tt hpi esn giedptt a | | eak twbe reduct

per cweangttritboutleedak testing of haeidgpheirxciesng at i
ongoing modi soopnegédAaati prerrtceememohi BOred | eak
appltioedaccount ffaocbkimpyrirdsem@gdinse to | eak monito
and i nifoooromantst r eam ipmrpdgermemst ed t hroughout Cal i f
ensure that darhe sree slaivi edMfglsandepgeopewduli ahvge

significant symbbamsi suwhparstpydlist r hiat d Compr ess
SystemsnE&€y fPcbpCABE)aaddi gwynti nuous | mproveme:t

Leamoni tonshgumentasti by banl evesrpaegcei df itco eifnfcilcu d
the benefits are multipliedpandidomgl adent i ®x
benefiitnsdendoti n t h.i sBy rprpowiadi ng afnaceflfiitciieesn ccyar
better ensure that their sydhtemdbyanaeacopgparsatign
realization rateAdfilithenaki savnggesodssxoci ated
speci fiieecnmeyhf t @weragnot i ncl udwdyt erlttahionulgyh bteh ey
pr esemaerad ready accounted f ot ol aregdetee 2t013 cod

Statewide extrapolation was based on construc
esti nmarekdet oppdretsuniptryact i caen gdda dzcepst iodn irnssttead || e
systems throughout manufacturing facilities.
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Tab3presents theide&tHiGmaitegdasasvaci at @@ wirolposed
code chandgéhset hgeat andar déAvai e eidn GellGf eeni ssi on
measurmatininc tons of <car @en rdicCoQejoshsss lemquti ivan £ nt
used in devel opi ng tphreo vGHG&@ da a mwmél pSgescntdoiroxh i Cs
repdht. monetary value of avoi deldVGH® sa mifsascit oo
and is thus comsef 61detiarvalnyediss .

TabB88e FiYeatr St aGHEGmMdesi ons | mpacts

Measur e Avoi ded Monetary
Emi ssi Avoided GHG I
( dticr TohGe !/ y ($209:
Pipe Sizing 3,2 $9 8, 2
Leak Monitor.i 7,0 $211,
Leak Testing 33! $10,
Tot al 10, 6 $319,

Water and Water Quality I mpacts

The proposed measure i s not expected to have
guality, excl uddouwr iartp apcavee rt hpltant s .

Compliance and Enforcement

Overview of Compliance Process

The Statewide CASE is continuiwgthostiag&ehss de
devel op the bewwtuarsocans s1itmh ate b urnbheark edn aaltloris
During rul enmaekicrognp!| icaamee rprfoanesils accordingly.

The compliance process2.ibsp adotthshahebedopons8dctio
measwoehave onamawmket i s des@r@BbApdpéendiSheec Ei 0on
key issues related to compliance and enforcem

T Pimaea zing regaumhdmensist ateatcadryvies opment of

pl an documents which | ist pipe diameters &
peak | cadscimeetchpm)y. mAnneéew wolubreds revi ew
requ. rledstall ation shall adhere to approve

NRGCGPRE 1IE.

T Monitor imegmeghie pspeci fied by designers for
mar ket actors when compressors are repl ace
threshold . TBétncgigoefnaldnsioyal t edulh g
confirmed by the installer
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T Leak tceemp nhegaorul dkbeel yper f or med by the buil d
observing system ogpade ssstuartee iannda cnoonf i r mi ng
mai ntainedutes. 30hms is modeled on current
the California Plumbing Code.

Fi eMerciaftii orAcaregpt ance Testing

A plans reviwaulaehdnereeassary for the proposed i
field verificatiernpettedpebsetzaddi t sonat disc
mar ket actorsets!| peedemdmefnodra@8 bmemeguri sdictions
opt for field verifigcame onBlseenssi snagyl meady | dvarye

available i n smaldlie@r isngteasl Icotwiladngpotentially
installation by building inspectors.

Moni tequnpgpwmeuabe veriafni eednsvtiaal | i ng t echtnhati an a
includes confirmation of visual diastpohrasdy af t h
functional nchesgrnomin ¢ wriedt s may al so be require
revew associated primari |l ybuwtst hl itkheel yp i.npoet sniezcien:
Leak teomplnigpruded require verification by buil
would be a pressure test, modeled after curre
gas piping. This is in |Iieu of an acceptance t

acceptamge btue gitein and addition of new testing
must be completed on any triggered system and
documenoa.

Sectd.gar ovi des additi onal details regarding th
of the proposed measures.
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1l ntroducti on

This document presents recommended code chang
Commi ssi onomwsil debieng 206R1ddopytoiuormaivie comment s
suggestions prior to 1 h@toiatdloepZ 4 sotna, k. ephl celadseer se.ntac
Comments will not be released €&dri pubhacedevi

The Codes and Standards Enhancement (CASE) 1in
t o s utplp@arlti fEonrenrigay Co insginegiggn Commerstd otho updat
Cal i fEonrenrigay (Co dl,6 eP @140 i6ncl ude new r @gquaidrement s
existing requirement sThfroe€a Iviafro ouisa tlecheaotl @rg i @\
(Il Ow®Ppci fic Gas and El ectric CompmagnnByo,utShaenr nDi e
Cal i fornniiasntdBvd®iuddm cl y Owisleods UAnigleiltes obDe partteme n t
and Pawdr Sacramento Muni-cCherei Wtneéfiernyr ©d stt o i &
Statewide CASE Team when isyxdrmusdd rnegdfthiiei SCASE A
program goal i's to prepawaeutaehsdu Istuebfnfi e c tpertoep o s a
emancemeinmpremwmer gy edridcerercyy p&raflorf mamdea

buildings. This report and the eao@epda@htihae pr
effort to devel opf tecthinvemes anidnfcommalti iremefndrs
ombuildingféneigwnwt design practices and techno

The Statewide CASE Team submits code change p
the stattehatgemasy aut hority to adopt revisions
Commi ssion wipbseaebval sabmi pted by the Statewid
stakeholders. The Energy Commi ssion may revis
Commi ssionde 2@2webisite for information about
how to participatepsn/ twewpe neerglagn-d gr ams

topi cs/ progamsedhfuiicsitleanncdya r ¢bsi/i 2-@lA drgdVc i ency

Theveral |l d¢aaCASEe RRohritpriessssdamtode change propos:
pi pe ,simomigimd ilngalo Ctoersptriensgs etde mBhre eppyog t cont ai
pertinent siumpfpoortrhaetnigomde change.

When devel ope ngharmee cmr oposal and associated t
presented i n Stthaitse wiedpeo rGdASE hleeam wor ked with a

stakehol ders includommgr dosus é dli amigr odystceml manuf :
compressed air sergyceops owtiidleirtsy, iemcecenti ve pr
managér sl,e Paghher gy aannad yostthser s i nvolved in the
procdbe. proposal i ncorporates feedback receiyv
wor kshop that the Stat dNwivekeenb@A SES (Ta&t®DetvOihckd dC A DI
Team 20t0)eadls ethhfromgh both phone and email ¢

comment .period

The following is a brief summary of the conte

2Q2ZTitl e 2F) nGASHE ReipRdOr2RCOW ROCH|15


mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency

Sectdidre as Deas cr iogti iBEdmMCAASE Rep oe/8 da
description ahdt hé s mé asTuhg esoausngmo teisam t s
detail ed descr tcptcehoam goef misd vacttods i n t he var
sectionsmantdsdobat makePaupgSttahned.alridisl e 24
Sectdidm addi tMarnk datd ysshest i on, this section
review of the cur.r ehhe ® mizerskcerti bsetsr ttghteu sf seuaessi b
associated with the code change, including
overlaps or conflicts with ot,hesrucphoratsi ofnisr e
seismicd,heandsad ety standards, and whet her t
enforcehhalillanges exi st.

SectdiEmer gy ®Pawisrequdesu ntihte epn e r gye,d ud;e naaonad
energy cost saviwidsh psopoisaetde code change.
al ssescribes thd hmdhE&Ehatdewiodeg QASSE Teami mat e
peunéemer gy, rdeednacrtdi b ne rceorsgayw i ngs.

Sectii€@nst CorsHtf f ect imednaeasess a di scussion an
|l ifecycle ebs$ecandesess anal ysi

Sect@idn fYyetat afewmdagness ¢ hdeetsat eewniedregy s avi ng:e
andnvir arm@neprnact sproofp otcshedde change for the fir
t h20 2c20 ddeakeef f.8bt s i ncl udesentehrechyaomolueht of
saved by California buanlddiinngp aocwnse r(si nacnrde at see
reduct imantsewiioathp easascsegplon any materials t h;
consi derbeyd tthoex isct at. e 9®Stf atCawideorwataer consunm
are méportasscni on

Sect7AidPm opoRseevdi si oondseahgQu &€gad éwmdr epwirt h
specific recowimmend@debeasi onddr @addidti ons)
| anguageStfaonrd &ehflee y AppendAlctearv@®at cul ati on
Met h(oAICRef erence NMampadl anaedoMegnualn,ce
document s

Secn8idBi bl i ograpdiyt ss @ Uitrelcaets t he St at ewi de CA
used when developing this report.

AppendStxatAewi de Savi npgrsee Mes hbddel mgyhodol ogy
assumpusedasto cal cul ate statewide energy i |

AppendNomiBn al CopreSawtsgs he met hodol ogy at

used t oetcledlceuwcltarmbeceidtdypnatwer (@sg. , el ectricity
dr aw, move, a@amtheratsawame@s)| t irregl ufcreadm wat er
use.

AppendEnxviCronment al | mpparcetsse nMest htohdeo Inmoegtyh o d o
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andssapmmi ons usedi mpmac@H Gamiastse ons uasmred wat er
anduality

AppendCxl iDF ornia Building Energy Code Compl
Speci fpraseshegvant proposedoanpdn ez et & otf t w
any) .
Appendlimpa&cCemplfi ance nPrivacreksespr Asdiowst he
recommended compliancei pegmntmafsikeedc oattdor mmpac

AppendSuwmmary of Stakehdadlodeamebdsas goatient
togamandol | alwort &t enar ket ac.tors and experts
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2 MeasDescription

2. Measure Overview

Thireport proposes a series aifr chyantgem rtoquihree
Title 2BMasdée@dranob6energy calcul ations,stmeasur e
and stakehadl dédouighpaothe supply side of compres
covered since the 2013 Ti tolp@sad4d, eRpratndé& coder
include demand Tshied ep rnoepaossiterde sc.hanges are mandat
i mptacafnayci | i tget mabheht@scompr etsrsieglg eari ed shyys ttehre
requir eMoesnt ocfovtelreed si tuati onsawduhidanctteu riim gi nc
buil di ngs.

The propocsaldes seveaghhdngdsandeadomeof which have
associ at ed jsuasvtinhgdsc abomphj ance pat hways

Pipe sizing of compressed air distribution
Moni toring for | eak caend efficiency mainten

1
1
T Leakestoifngompressed air pi ping
1

Cl eemap of eaxnigsutaigreg |

Pi pSezi nQonmopfr esA ddstri IBysti ems

The pipe si wmomgemeasersel ecti ®inn olfi npe pwei tdhi a me
recommended bé¢owt mptagti eeusrrei dtoissreasl ipr eshse di s
net wohriks requi ramehty new bhaonspirpicngtoambl ati on
added pi piandyj wivreien ¢ O.Mhelmermgtulr e woul d reduce un
hi gh compressor diCoampargsophespueas eu roest en

el evabedvercome excessive di stwhibadn obne pi pi ng
avoided t hrmiupgeh sppeoprelyi Coanaloinmes woul d be achi ev
t hrough a pl anasnpdoetse ngtni iad elsapl eeavini o msd fattdrat i on t
confirmmeéthats dame eqgeal ftoapians

Moni t ofroirng,eak and Efficiency Maintenance

The monitor wogt shgashtee e nstaeédlsatwihowacub d facil it a
continuous morirlggyamidndg edfboyacniy new compressed ai
system with capacities lgpoes¢powpwehapn or equal

2Q2ZTitl e 2F) nGASHE ReipRdr2RCOW ROCH|1 8



Flow meters

Flow and /_\ [

pressure meter
kW ] Dew point
meter meter
Receiver
‘ tank -
Air I

Filter

. Air Compressor Dryer [ |
== R stributt
[ ! Distribution

Fi gur eExampl e npooniinttosr i ng

Addi tions or replaceeaensts i ofwaesdasipseomstsroirgsger tF
regmene i f the 100 Thphpetmeashoé dwo slydedteenmqui r e
pressure and airflow be monitored as .Weél as
moni tor i g adniclpwdeer (kW) (ppir@Xcsfuya edpcei fic

effixck@ht00 cf m), TBhHi a8 wno wnli dnweands ugrreo wthhatdue t o
is identifdiedecpr ewv odowigen fleeadkaagek rat es are e
neces dietteetced i on Tahn & rteygorei roofr i ng camtdhierect!|l y a
prinmaaryrigprepern compressed aiandiyesit @yn enfafiagieenre
mai nt eNhreme combi ned wit heiosudldatpioturs étdlavdsy, on

monitoring system to identify which portions
Even i fy exidetirmquirements are sati sfoiuddl, spec
help fladghbsseueaused by control sydstham mgamame

cause a system t oy Gopneprlaitaenrcien éMofuid ¢di eoret bayc hi ev e d
amccepe atreasnducted by the ofmsitmstd ahlged emétheércs e
monitoring output.

LeaTlesti nCp mpfr esAedpi ng

The |l eak testing requiremericto mapprpelsiseesd daad rn esw sct
andadditions md avepodBiI mg f e e Aandyjno illreimmdt ths

greater twaobhé@Ot éeeed for | paksseseomcidn@ntyo
shorter I engths candéted¢ tishboetdi luasfi atgh eas @ enaekt h o C
al r ecaoddyi f i eudr aflorgansdatislys t @anlsi f or ni aT hPil su nwba unlgd Co
ensure that | eaks are crodth éyt e pe amcthia tcecligpaadskt al | a
in inaccessible header and di setnrd Buusker en pi pi n

oper atdoompalli.ance wiorurhad Ihley sommiaeasi astafl ati on
tibfyi batienstal lamdgo ncfoifrtymegdec eesur e gabge obse
buil di,egmi lcap enebidwraasl pv e@cialgi on

> O
('D_1
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Cl eaup of Existing Language

Sevealadap anrunéesdd® not | mpaat es t eic o gReentogvead .

of the term Aonlineod ifg omme deres arxy sttd ngt r eargluiar
reduce camfiasi 6nt at e do wnTshtes euafioofnpl riongeroa mmso. de s i
which compe els@a@k ssanot an itredursntorry isst andarvd de
given plant whether a compres¥brssbwahlgekebe co
hel p mconfagseenoenr at ed byl atnhgelaaggxei sp o miged hy st ak

Thexi sltawmaggeex e mpt s er aahgnsysbem that has a cen
compr efsosroral | exi stAlntgho eghui tr leene@drkt3 fCAUWrEd Rteh a
the existing meeafsfuacetsi we rfeorc ossytst ems wihihs cent
excepwasomsedawaridng r ulnemalsipmgnse to stakehol der
regarldiimmigt ed compl i heasi bpetrinbtspgaandd control s
centrifugal ¢ ompreeasss dorl se veebrwee Wteer 5t tsilm ral e

advanced si mpceodtuhcethse sfwdr i ous situations that

compressors ar e Trhepardoiploysleadappubgbbéeés removing t
exception to the exi swhiinghoawargtimmall 4 yr d-qgpwinrde men
effective for the cpeentirni ftuhgea |2 OslyZsd GA$ i o Roet podt nyt, .
exception musender enotvieat ttoh equp rrcepageptidy nteov r e

systems with centrifugal compressors.

Beyond t hes-epxtham gelsean heral arehandges ,t amhel p
and gl aheflwinghagt fect on i ntent or coverage.
None of tehde cphraonpggessi rme da fytcaatdoompl i ance soft wal
Compliance software does not ,amnd rSahedtleywiidrec!| ud

CASE Team does ntohtatr wilctd nsnheon d

2. Measure History
Compressed air systedmsceoerient o 20tl{3Cal A or Paat

Utilities Statewide Code3heé&ndCABSEa nRleaprtodrsgs  Tfeocarm
201c3ode cycl e f oeuesderde aswhrsacghpiwer e ul ti mately &
the CaEndédogwnwi Commi ssion. These measures incl ui

and stamwdagheave remained in pl20cl&8l amoughchamdge o
were identified as a BRair gtaASEp Rerptounti,t y eiark tmea
were not, paubtstuedl to the fact that new constr uc
|l eakdagak testing and perfoscmpedebyonhéofiagew
Team but were wultimatelyanoet puf weisth¢ hpamy i ciu
the users andwmahdf bet uegqucsonesdi deor ataikoen iannd c
Title 24 r€herektmew@as.very I mportantAst a empha:
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result, the 2013 tpwoo pboragaghd |fyo @ lo-l5 eddes unpepal syu r e s
(variable speed compressors and smart control

Soon after adoptailarf oaofnitah,&E mandl3e rSo ddf e wihce

CASEeamecommended pursuing additional i ndustr i
demandle scompr eddead eaicry enfeasures (iMcHwgh.rz0Id)d
During the devel opment werehmseltepbetstakehol
t hat demdedmeasudrmes beasnte uaaddpwosidtdy i n t he

compreddssair Thenstamye no existing California c
regarding pipe sizing, |l eakagdhisespirogosahdi s
omest practi,sacpubChenrphreesssed Air asd( GASI|I )nst.i
CompreAserdand GasarmHa ndtbaoloékhol der recommendat i ¢

Air Inlet Pressure/Flow
Filter / . Controller

Distribution
System

Compressor
Package
Enclosure

Pneumatic
Tool

Aftercooler
and Lubricant
Cooler

Compressor
Air End Filter, Regulator,
Lubricant/Air and Lubricator
Separator

Fi g®rS mpl cdmperde sas ¢yds t e m

Sour(cé.:S. Department of Energy 2016)

Distribution pipimg Gaeayi gnyear siuvri,qbatf all d
common principle regarding energy efficiency:
constricted flow and frictional | osses bet wee
undersi zed, compr edgssormuprie bseurien cyetappeidn t o ove
|l osses to deliver air at the required pressur
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the primary sources of artificial demand in a
proper pipe sizing.

Leak manageccammrtessned air systems | sThett apinew
of | eak mamagemented|l t hewaghpeioOrti ng argument s
studies, and best prhctiae recg mne ndawp earsaasd |
aiDe.spiiteedarhotni nuaoduvssocacy, | eakhempoimadge menst have

never become ubiquitousyanmdi rsdeinld yugdfe nenlgy , ut
Il nc. .B@&6&éy on discussionsl| wi ¢ hta sitsa &weihdod Idyer s a
undestood that | eaks O83ypeirccaelfnty oadsoumt mbest 2omn
air systems tphadadtoi net|l dakemawhgelsledt cepnbgr at
i's the t-gpfeatif@sdarpDepart mentCEAf TEncehrngoyl o290 Oe-
200Marshal.l 2018)

Barrtieehe mar ket penelteak inoann aogtel ngiadoekpvedrs i bi | ity
on totalahdaloédwadk of visibilitynancfoisnmanci al
effectiofemlgeasles kpefception of producdotitbenr ef f e
barriers typical to contAsusotuast @ dnpirm veeme nar tpirc
iunteiclentl y, compressed air system maintenance was r e:;:
mai ntenance needs, suffers from inefficiencies, and i
Understanding the entire compressedwaird eyfieméscgyea
usage and energy savings. Remot ewimoloivti drei ng aospaompiceg
compressed air network from the supply side through d

net work is threoach yt ov asdhodw atpltpe current energy perform
parameterbBut nzdaedeot | imited t o Plower20%3)w, and pres

As CAGI 6s 10 Step,s fdtohesafviimgts sttadgdktsai redneeqgy
costs is to measure and monitor yourtiocoaompress
fl ow rates and opo¢ Catmpmngsaied RAiesKuGas | nstit

Monitoring of comhrasesdeduanatr kegaitamsti on, esp
| arger, mofe®cefskdci ehgyogedatsemsorRedsts, | mp
capabilities, communicatiomnpr atad @olad ,goali @ lhdans

contributed t obrao aadplpd ti iceéblégpgomegwof compressed
monitoringapeoduatdses of monimpdreimeqtteac fartolvag
facilities havebdeebnssranbvteldeaakeil oad manageme
efficiency .iTrher &G eamemdl aaemplAEEnAny st akehol der ¢
whodescribed monitoring of compressedg sahrfsybsh
t hienduandrye whi ch wouwurladn ghianvge ewniedregy benef i ts.

Il n addition to helmeiarsgrter a&@ dhlke, bjensettiméyt odnd eak
efforts, smernietmsr icraqh easmpr esisydltsapheeci f i ¢ power
whi cmeasured in flkW/ laG@sddeme ss ufA ewenlclti oni ng
Systoepner at i ng tayp illOa0sslpyeic g fwiecc @ k W/ 1 6 b woefrm

2Q2ZTitl e 2F) nGASHE ReipRcr2lRCOW ROCH|2 2



pecific efficiencyeftfreacthksanggfesannetbe, gystam
mponendtisst ri butenodn sussydShteesrea eodrf efctthem wi s e
0 b s erovbafbu secuantnienceesar gy useumcogplkadeso produ
t BSutakehol deexrpsl ahianeexdp etchtaetd gaidmresq dirmend mast er
ntroll essbaeadaeynechami cal or proOoguammasgcharsag:
control. pBhammetkkaisbasesey t heosppeemt e
efficimatéetylha éveéehe rceuguiernegdd ymaster control | e
stall ed. Tefafcikke ingn s yssytsetme e saurr e ionpteeragteidn g a s
ertingwbper fogaitnsisst akesc omrercestsiitatacti on

- O O O O c S5 O

S
c
u
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New piping | engths and distribution systems a
compressed &aagyi foiptemBetsda rp.rianc taiacget oi sesnsure tigh
fittimgsiagamadi on of -UpakThpsioartshe athardn®rby etak
any new | engths of pipe by eithercopwpeesisroirzin
oper atnigores s wiseé yosri ng a | eak detectioiflcei d a
this is best practice and rcsananidd ebnrtainfcyh el se atkhsa t
di fficult to addr ess roengcuei rai npg asnuc h sa otpeesrta tci aonr
|l eaksnoar eresent ap,sespemi-td éagcthnl baadi ons.

2. S3ummary of Proposed Changes to Code D

The sectiomwmmbhibavdvet andarRdesf er ence AAg e mdit¢c ¥,
Cal culMett i hd@YRef erence Manuadgoaothevoimgl! i an
modi fied by the propogetihchangpor S8etoBedet anl
revisions to code | anguage.

2. 3Sdmmaoefy Changes to the Standards

This pmwopbmeal fy theetoi bo®aloigf arhrei a eEsner gy Co
shownwbeBSee Be®ft itomi s nmrae kepto dfeomguage.

Sectido.ee)Mandat ory Requirements f omsThormer es s e
newubsecaripgprop ok2@. 5,e)each of whi achoedi s an i ndi
requirpmpetsi zing, monitoring, and ITdhak test il
i mportance and pur pose foofr eeaacchh osfu btsheecstei ocnh ainsg
bel.ow

Seotni 12Ps BGrtetkee word fAonlineo Thempuhmegodanagfuatgl
change is to help avoi d ccoovrefruasgieo nra man gdicamspylbieaem
reported by Tshtiask eihso I ndeecress.s ariys breata usre IiArochd 9 tnreyd
standa&amran or easfidry amey igiiavbdre si tuation. To en:
not i ncreased by esterxiilkitnag gt Hiasx gtueargm, ftolr contr
cover syistthenis hw eempremsesoereso thereby excluding
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with a redundamptr ecsrs olrg c kausp wass t he ori gi nal i n
Aonl ine. o

Excepti 6o Sect i o 8lx20s.t6i(neg) :excepexXxemptisopr 120. 6
altesabifoexi sting compressed air systems with
exception wasemovedafltomethion d48@8bsé¢e)onho th
120.6(e)l. The purpose of this is ensure that
propdsrequirements apply to systems with cent
necessary since amelny twoea |ltdr ihmvree puwirnte cul arl y
with existing centrifugal compressors and the
feasi bdéeesegaf compressor type

ExcepRi onSect i onl hleOi. 6t(ieng t @axXde @Atflidgdresses how
requir & wmeonmpsr essed appilpylsd &lmsh c aree | famqgiulaigtei e s
was modi fied so the compressedamaeacefpdequi r e men
medi cal gas compressed air sgssteme.erblye mwdr po
procempressed ainnohavetsuppest andrmedrcabl |l pads
This change is necessary since he anmehdciacrad f ac
gas compressed air systems that should be cov
Secti n LZ0.6n e€C)oimpressoeThrdm8aseuag | anguage

c
=]
(@)
0
o]

0

nged, but excepThenpuragdaaeangaf fttleaexcepti

tigaterampvehigetthe o0 €lrhm siadarsl iimportant si
of the teaamulidniln nreedas e extirsitngnegn ay ianf ctohmgpr e s s

rememitwigbhouontAdldangam@aedogepti on for alte

de newedacomptlaensds ppausf f i cwanti seclow hgad si nc

of

type comprespopopvwdee!| aidoh écraepnatcli ytty .

Section LIZOnG(r®d®id&dS:exi sting | anguage i andodi fi
i d confusion wqthr eocent tpealr itd ycsudeaimomde f i ed t o

that conapeorlast ecainn respenseteoamdopmandystry
ndar di metddawadl of fAbased on the current air

POhe purpose of thitshegimdauwmygtea iydartd ocemrsturrcel n
be used without concern or confcucsslidonbeover
erpreted to mean that recmtrowsmenasThiemasipio s
necessary since stakemaleder santdad oeX purse e b vea
ofhet exi sting ilsann gcwang d itchtatwi t b p & sp lacnadl ebceosntt r o |
practices.

QO
<
-~ 35 59 9 OO0 T O QO

Section 1IIMb.nG (teo)fF8Bing:i s a new subsection requi
moni toring ofcekaeyndpecraftoorrnsanof a compressed air
demafddhe required moni tsgrsitregn paoierstsumriepo weodeore s
ampajrflow, and system efficiency. Theopurpos
provide facihisighopemnmabotdeir systembdbs energy
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and demand chBhiastemamsge ciss | mpordamai rbecause
typical | yt @hoavien slitghhetl eionnipor essor system perform
of ten have jvusstiibfliec ateiacsmonesr t o mai hheimorsiytsd rein
requir emednitr ewcotullyd addr ess tcloentpgnisopastyermarri er s
i mprovement and pmaivinigtesmiagicte, bwi si bi |l i ty, accolt
enabiguanti fi cat i oenr goyf bceonsetf iatnsd en

Section lidz®.ak( el)esting of Compirheasseaed A meRvi pin
Subsecti omuraedgquiyonmnmgft améwtecompressed air pipi
purpose of this nemwsuregqupirgpimegti nsStdHldterrys ar e
standard best practices for piThisgiisnsmalolra@ain
becaunsw piping shouwlfd |beea kasb stehmhit f fwioawd Idt t dire ni o
to addressupphdecogktdrktast f or otntden elrigfye safvitnlge
thiwi | | beaoaefity oper atoiftognrsm by tnesmrrienlgi abi | ity
compressed air availability.

Section 120 .pe(&aEilflri sagis a new subsection requi
compressed air pipingtiadn dpehdegenst ypd cad n dbtersu p
gui delTheepurpose of this is to minimize press
whcih t hencompuessors to run at avoidably high
overcome the artificial ulsessgstemsi £ ains biempaomd
due to poor adher ence tcatdedfgiiggens spcriaactte dc ewsi tohr
mat ernidali nsst al |IOatcieon nsdsxatld.ed, piping frictionae
present for the | ife avVoiWefdscsgnst emi amdpsbpet d)
practices.

2. 3S2mmary of Ch aRegfeesr eénmoc & hfeppendi ces

This pmwopdaoalihfedAT .olf3 Rdéifeer Appendaincdedsd a new
monitori ngt dautrSg&eec bAvedh t hi s report for the det a
revisions to the text of the reference append

2. 3SBmmary of Ch aNogrerse stioAe&€ridteiRe!lf er ence Manu

Theoposed ¢ odwo uhhdatn greo dNof nyr eeshiscl@M tReafler enc e
Manual

2. 3Summar hahges to the CompleisMaemdali al

The proposed wooudred dd Han ¢ eh ee cftoil d nONvmirfir gt dded ent i all
Comp | eManncu a |

Nonresi Comtpil alanceSakatniuailCathhpBessed Air Syst em:
Addi ti onal sections thatcpwvevedesctantfpgpnegfe
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proposed woeudtdi omx | uded. Additionaviolupd the exi
modi ed dl tmaeu g | efafnorts for existing | anguage,

See Set.tdfort hifsor eplbetdet ail ed proposed revisi
Coml i ance Manual s.

2. 3Sbmmary of C@GammgleisRatacmement s

The proposed wooudrsd dasfoagmeg ec o mpl i ance( NBCument at i
PR&@DIIE and -RR@OAIFbut should noewrfedbhmse any
documents would require cearntdi fmocna ttioaon nogf apcicpeep
testing.

2. Reguloay Gont ex

2. 4EXi stRiemg i remen€al i hot hea Energy Code

Titl,e PBdBetcti on Dbad.l méoeat egui rements for comp
syst dmere are no existing requirememitpe i n the

Si zing, molneiatko rtiensgtmpnoge sosfe d Tdei rp rpoippoisnegd. measur e
buil dexpesning reywevi emalgt €xi stifrog «cd e iltyn@ua
of compl aawbheagedi ti onal .requirements

Title B8&ctPiaon dA2Qub(elr eaddedoanmyr esaytsedremshan 2
hp oneeeech subsaedteisent he sysaemexcE€ptuibegmet yt o
systems that include one or more centrifugal c
systseemving heal tvwhiacrhe ifmeedicialetssigease mpt fr om
120.6(e)

Title 8%8&ectPiacn 3IROs 6teiyan ilnes r e uiorpement s f ol
selection of a trim compreshlolovasngdgstcomprmssted
compl ySuwisteltt i onohet bf athgld sme

Tk rd§ti met hod mpergeus ssreeds aior say sctoenmpsr eisnscolrudwel t h o
more variabl d VSppgadydsysgseems commpmiesed of mor
compr essor muscto mba wee da ctagtaacli t y o 10§ siVsStDd t& olmgpa sets

1.25 ti mpestt hreetl acapacity increment between tF
exi sting codonpdreetsesromisnne t he | argest nwititia@cr eme
o, I n ascendion@lorsdesnt,em kea paici tcyo mpeteweseonm var

combi natviao h @ahbel esyisnt eem. The | argest net 1 ncr eme
nominall diddteuainceybian ¢Rmtb etadwwecsdnemuti & i (e d
compressor cBmbseationsAtalasopnmreguairdyeagioompr es s
storage wofmeatgpkdamit t he | ar gest itnrcilnm dceodmpirne stshe
Ssystem.
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The second metmpdessesqdi nes cegstems include a
compressotrsi wmi thpacheyl arglelsowopgitthiwes : si ze of
t he | ar gesti nmcerte nceanptar chiretitywiese nc ombi nat sornet o co
capacity of the sTnmael Iteosttalc ocenfipfreecstsiovre t ri m cap a
compressor systems need t oerccoevnetr aan dr aln0gle pbeertcwe
rat ed caanpdahcei tdywe iofwer of the compressor (kW 1¢
mai ntained withisapddi fpiec ceoawemfatt htthe most eff
Subsection B also requirestwhgalt| ped ompetyhest or a
| argest tr i m ccloundperde sisnort hies siynst e m.

Title 8%&ectPiacrn 3ILROs &6tei)on florpebowe mteisBnsept i on
i s for coneplrteesrsaetdi canisr of | ess than 50epercent
system. Exception 2 is for asiyrs tdeemsa ntdh ath ahtavid u
| ess 1ltOhgrercent .

Title 8%8&ectPiacn 3IROs Btpijoorvi2des 9 hreeqgwintemdnt s f
compr es syesdt eemsr vgi t h mome r tewsistohr oan et othagr at o mhi ne
ogreater hpofFaomr G mMeeti ng these requirements,
includedusedl ect the most efficient combinati ol
system based coonmpnreeasssuerdmda.i r de ma

Title 8%&ectPiacrn 3ILRs b teipagqu i F esmp heaaisredacceptanc
tests NA7. 13 almal csarmpnidttedl to the enforcement

2. 4RQI| ati oRelgiup rtean@inh@artns of the Californi

Threaver e ndiedentowdrnlngps with requirements in
CodeM@)C or California HAIhERILC ipeCbin@eh@rRC)f
nat ur dleadka$r es stuhraet tpersotviindge d p a o ol deeablk ftoers ttihneg
measur e.

Chapt @ifFuk2 GagsSeRitpionigrle2sis3ur e Testi mgf andel nsp

CP®@utlines a pressure test for fuel gas pipin
assur alhacresany failed test, the instalpeiromust
to subsequent pghesgswerse tl eastgiumge I s as foll ows
1213.3 TewstehRrsesi nspection shaldr imictlruadge ra np raea
test, at which time the gas piping shall stan
gaugreespsure. Test pressures shal/l be held for
Aut hdHraivtiynwg Jurisdiction, but in no case | ess
drop i n pressure. For wel ded piping, and for
oft4 inches water column pressure (3.5 kPa), t
6 Qsi (414 kPa) and shalll be continued for a |
Having Jurisdiction, but in no caseggfasr altess
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pressures in excess of 14 inches wateare col umn

shall be 30 psi (207 kPa) for 30 mingtes. The
nitrogen pressure and shall be made in the pr
Juisdiction. Necessary apparatus for conduct.i
hoéddrst gauges used in conducting tests shal/l
Sect3dlo&hovet hegrequirements for test gauges i s
318GdneuaTaelsts in accordance with this code, wh
gauges,e sliarhilt @&d t o gauges having the foll owir

incrementations.

318.2 PressupsorTelsaResq)ul ®ed pressurefowests of
per square inch (psi) (69 kPa) or |l ess shall
kPada)ncrementation or | ess.

318.3 Pressure Testpssti@OGrp&@@Requ iTrheach @dr0essur e t ¢
exceeding 10 psi (69 kPa) but | ess than or eq
performed with gauges of 1 psi (7 kPa) increm

318.4s®resTests (EpoRediung edOPressure tests e
psi (689 kPa) shall be performed with gauges
required test pressure.

318.5 Presstltest Rgagges shalll have a pweessur e
the test pressure applied.
Il n addition, Chapter 12 also outlines sizing

operating peneds sdusreea nadnd Pi ping | engths are size
any downstream | oads ugirryg ntgatkaefict hfyeelthpe i f
gas per di amettheer .r eHjomceoveeme 0 h sagnrdt iopreg,at i ng con.
for fuel gas accvdriedrmrende ssssr oooompressed air.
similar governing phsyteriicyal bé aavsmooale Ttamnblhe

ChapteiedlB3t h Care Facilities and Medi omfl Gas a
t h@GP®@utlsomes sizing requirements for mini mum |
piping design. Howeveaf ameldoewadr gpmmsamnmgefladwsr
and is primarily concerned with ensuring safe

Thutshe CPOGswadsas a reference point, fhhwet tthi s p
conditionsofand egroéaPIGsi ver gfemd memlhoafght hi s propos
devel opmabhéey should not be modeled after one

Sectlidd®IN9hef CPC ofuutnlicitreensns | f 6r end usesa, purge
pressuritzeesdt lperackcedur e for newmmadial@ldowss pi r

| nilt ipr ess@MB81l1OPBEEssurize system wiitnme snitthreogen
oper ati ngampd emsocsturleegsum tre npusadr e  ipnsg.liagduge (
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joint shall be examined for | eakageidgnmeédned
| eamiisst be repaired.

Standing Pr eskBarr ePolsisttisve Pressure Medical Ga s
(A1L318TMeystiepnn es s uwwiitzhedni trogen gas to 1.2 ti me
pressutfestaaimhdgn i sol ati oRof ome@Wé4ccabagmes, i
presssraldwovegdt attributable to changes in tel
syst emane(dnacral g aisn efso)p,r etahseh ries dnrootpt ol dgbesva de r
thdnpei g.

Chapt éiPrb4 es sofPitphen gl®leicihfaocCiowiedM@l)so requires
pressure testi ngProofc epsrso cpeispsi ng@ piicam gdted b inregl talsat
conveys | iquid or gas, which is wused directly
processes.

CMCSection E#40&l 2P2pingThlinss piemcstgiéoent |l o be made a
pi ping authorized by the peomiiohastbeeroifnsh
be covered or concealed are so concealed. Thi
test, at which time the pilpesyg tstha héarmd &nd a
ti mes the maxi mum designed apercattiensg ipnrge s ssurceo
or 110 percent where testing is conducted pne
for a Il ength of time sati sfiadticrtyy otng tbhluga Auwnt m
l ess than 30 minutes witshurmea pHePrMe e@ptaii inl, e wdarsd pe
pi ping shal/l be tested in accordance with the
presence of the Aut hdlrreicdeyarHya va mmpa rJaitru s dfi @crt i oor
shall be furnished by the permit holder.

Thét at e®@A8B am i s noCabhwhoenba building standa
regul ate the testing of clouiplreismseg di ras pe @ti @n N g:
me c harmriomalr act ors who,merds tcalll gg#ass pp pg@YS pi pi n
awar of standing pressure tests and the use of
|l eakBi s pregosmanends t hadi rc ognipphiersgibéesthogn duct ed
at etiomi installation of imew comprd afsgenh ngnees fihpg
ppi ng, medical gas piping and prpcesisogasofpipt
Cal i forni a DbrTuhiilsdipnrgo pcoossagto mgr evs s ¢ d eai rs pi pi ng
included Panr tTi6t lbeut24t,he case tceosutlidn g er enrpudier e rhes
could be included in the Cal i5)oronri ai nPI|tuhmeb i Gagl i
Mechani cal Code. (Title 24, part 4)

2. 4R8| ati dros lLiogtaalb,Feddr d aws

Th€ali foreniod @QRedul aitn olnesd sipOCRs)sed air i n Arti
di scussad et lpg actice of ¢ oSnpbrseesdstieijoenai fi oml gagse
di scutslseetsps@sesure testing of any objettomust |
56(0cand (kWé UMfitred Pressure Vessel Safety Ord
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There at bBreenloreivaosatligdre f edeamd mamwes overall t hat
overlap with the proposed | anguage.

2. 4Rél ationship to Industry Standards

CSA83T76 i s a fort aMamirtdor i ng and Meenaesrugrye oeenrtfso r me
Compressed AiIGSAyYyGrtoeumsh 29 1$60) andearpkenpdedi des

gui del assesfsomg compressed air systems, inclu
Al evel s ofé preonnniitnogr itmeasur ement freéequeancyyysmeans
boundari es, anTdheotphreorp ofsaecdt ocrosde s halrevwselmodt si
monito€CBBH6Liernv einv Bl preersmanentl y installed meter.i
instrumentation agémemn iemfeomgmatmaomn system usS:
contimoous oring and management of the compres
appropriate for | arge compgysismetdemsgirt ys.y st ems

CSA C88B7speci f i ebsastehdr eosnh onlodmsi enpad c istyiseesemand per
of site energy use td detdsmumiemenwhiwoh|Ildebel r e
These | evels are used for guisdamdearand rreefherl e
proposed code requirements.

Il nternational Or dgaarnd izaa ti io;mnp fr (olvS @)e 85 020 OmMlet hod a
standardi zed process for ampemern iy marea geg marste
and continuous | mpriosv eonietnetn. ulsSeQle & 60D Bofr ny awnhi ozl ee a
corporations to ticamtidwi dawdli efva eitgo hieea s ,er ener gy
ongoing energy manalgemenangamdti sesften appl i
facilities andcorstitrhieo pgs eiemp maelnatme nd c quii dietl ii o
moni t,oramdy ener gtyy pviid&syikbeiyl iptiyl liasr of success fo
certifi eidn ftahcailri tdoemst i nuouBhe mpomivteoreint g cyysd tee
requirement pracspasesd gmaerfa cantelyvetl apdwst hntdh
Al ong | S@Or 800 Wbeauda,d iilti t ate the eneregqwbda&ving a
continuous itmaoohwemereadndty feasible in compr
systems.

American Society of ARMEHBEA.L abrBrmngdesenss((and
hydrostatic and pneluimatprrodesds i migpiodg.meA3ME t
code standards for guidance on safety and qua
Furthermore, these standar cas brelaat artraypiogi rid
chemical s, petrolieum preoedmctwatgas,rafriger ani
B31.3 does not provide guidelines, butrhel eak te
proposed measure for | esakmprassmetehotoechtogy i
referenced i n gener antg npgr otcheed uprneeeu mat i ¢ t esti

Nati onal Fire Pr oNFePA 5 oo Aprseossad i Gansds and Ci
FIl uids Code specifies a number of wventilation
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consideration. | na getnreorad ,r ¢ lhaetriecodshinptt bet he
proposed or exiParotmgér Esskd 2a4r code.

NFPA 88l Hh Care Facilities Codempoaesbedesaireqgn
medi cal gas systems. This is the rbiabkends of t he
Sect2.odn. 2

American Nationall 8tandatdsnbhsSotANSeE¢ H1 &A Aut
S7. 019%6o0ovides standardeompmeacadpad stibal ieo n

mai nt ai n i ns tTrhuemecnotm pgrueasi sni toynecaosfiedsa hs at i on and

i ntroduces cont anfihnhasnstos rseul cant iaopnrsohpi bps etdo otrh e
exi sadadhegt ms qualdamprogs ssehder eagu liantseTdh atl e. 24, Par

2. EBompliance and Enforcement
When developing this proposabjdehedSmat boddet
streamline the compliance wanyds e nof oneigta ihgeaviee pr o

i mpacts on mar ket actors whhbiar skeashdaroihbveesd h ;w
taompl yt hwei tphr oposed anaddedremlainggrec e pweorciefsiscat i on
Appendirxeseent s how the proposed changes coul d

Thactivities that nepdastbhecpunpngsuaftalalgewes ch

T Design :Hh@seposeeqdui rsevmebhbangsidgn prasedur es
t he deswiogha@lve t o enwdlsumpecci fy the fédlorowing
new piping systems

o Met eri ng alnadc eetqiudmpanenhe requ.ired monitor

o Pipe diamédt el eaw reaatcehs i nt erseonndedectaiden,, r
banch, and eervatputsasveadrds ladeati ons.

Based on stakehol der feedbaemikngndesrirpgapt sde
compressed aisikieramappalope d el pwaudrekiment s
appreci abhyprsafeftecatdher i ng tmalelstamnmpd amdadicwemn
Ssize piping installations may tnhoits ad ovalyds r
to be anonmpniitainacle chall enge until the marke

T Per nPihtasTehn€ertidfi c@Gd mpd d anmentus e etdo b e
provided deox anmieneprl adhnur i ng t he pTehremiptl aanpsp | i c
examiwoeurheded to be aware of the code requir
document changes. Wbeadpdbsanseedanmb nheonvd etriset a
codeequiremerbtes immhcewlrated into the desi gn,
existing codes and standards for compresse
addressed as they would have beTeme rpelgaanrsd| e
examiwoeurheded t o confsierch saotentsefry ntghe new r equ
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and theatpiping sizes ancae/ndrsupaees swirtehi st heé
acceptance threshol d.

1T Construction Phase:

o For the pipe deisngthavoledyee d etmenadhere to
document spdaigflitaait o manpspor odveesd gn pl an or
work omuder dei eawmadpproved by ttohee ndseusriegne
code comphsaawbtudids | outPRIGhE IKCRCIt i fi cat e
of I nstalelrdatiifgyn ptiggi ng was installed in
speci fications.

o For the metering and moniwaouhieegd rteoqui r e
install and commi ssiamdtrmaenirteauii mge ds ysetne
confir mifoegct harndaul tiptuytrse bfeifnoa | i nspection
Functi woabe tweri &nedcwephance telse perf
inst dlileilemdd ni cailaing nihreg egwildtehe ss measur e
acceptanicet aerdMocadsesi Alppman dwilc e$0 NAhr ough
NA7.16.

o For Itehaek testing redqueweirsemerstpontshé |l iendtoal
compressed woul dinpeendy t o ensure mini mal
pi ping system that does not pass the pr
woul d need repairs of f it tdadnrgess saendd d ueraikn
t he i ni tTihael piinmestaalllMawl pacdryt i fy compl et
testing.

T I'nspecti ohh@hpseposed wooudred icthya negxi st i ng
acceptteerscdesvobbodrtequire additioMahi documgnt a
funcwowihnd be verified with an acceptance t ¢
field technician similar to the other proc
Standards Nonresidential Appdmeéi aecepPABANTE
t eisntgut | i NAD. WidBub e per fammed Certi ficate of
NRCRR@D IFdocumeamltbe filled out iamsdt &slilginaegd by
techniaospecti on wdulpdkpeeltys bees erqaili yiemdg i nst
on the planNRGRR®AEN mnagewdbovdri fy mini mal I
|l oads by a presounreitthast reachyl aodi fied for
pi ping.

Added burdens to compliancenewf fiimsmdsniewmrc | pdaier
fields -PRONRCAand new f-RR&EOAEs. i n NRCI

Theompliance process descraXiegstddanpd v ea nccief fparos e
in a number Spfeckdy cvadysy., ferystlen desi gmeplsa ve
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need to enetundg@ mMmocations anchomiquOo pimepget amadrpr
di ames and folhnow.Tehaetsepser mi t phase wawpldd,tersl y ha
whea®he plans examiner would need to confirm
to end uses are within the accepted threshol d

The construcitfifoenr 9 haisgntihbei cnaenetd yf odr ns hat bl Aeds
commi ssi oni rag moysttgmemf or m alLil kaki $leesti.nspectio
phase would havaececupgdgatbease tesspergtand tequere
mi ni mal |l eak | oads through a pressure test.

While there are a number of substeasrst,i alhechang
St atewi de CASE Team does not e xtpoe ccto nspilginainfciec a
acterace many ekssebBeseeppact of best practice
systé@ms such, the Statewide CASE Team does not

edcation required as designers, installers, a
with the processeseanadd.or similar pr
I f this code change proposal i's adopted, the

i nformation presamtBed i3phnes 6d st sedeéevehop compl
document ad | @plnama mfdiombgar r i er s t cAdcda mploinaande., gui
documamtds training owottbedl defechedcsanshat com
and testing is performed and reported proper|l
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3 Mar k eatl yAsni s

Th&8tat ewi de QPeSHeolrenranmar ket t ana&linysify current te

availabil ity alnhde nGatrakteetwitdree hGPasrEs eTde@aw t h e
proposed maympahtd magkeeribh as well as indiuvi
actdmd or mati on was gathered about the increme

proposed Bethismates of mar ket sizwerasiédnmeds ede
through research akmeholudhektadhdwittyh pEmgr gm st a
Commi®sa staff, and a wide range of industry a
personalized outreach, the Statewide CASE Tea
structure and potenti aubmacket akahoides deetn
Statewide CABEH ©eaimMol enfbCarl i7f,0r2n0ilad St at ewi de L
and Standards. Team 2019b)

Th&tatewi de GASsbo nfteadmdrepdr essed Air Chall enge i

compessed air designers, building energy consu
control systemomarbufaacnt urheerisr perspectives for
mar ket and technical Thref & madteiwo d eo fCAtSHI ST esatmu c
fromlabaie | i terature, technical guides, and o

the compressed air market.

3. Mar ket Structur e

The compressed air mar ket comprisaesdsanegr al k
gi vempamy can act i n mud(tU.pS.e Dsetpaakrethnoelndte ro fr oH ne

T Air compressor macnaumpaniuease rtslkedtl maake taympe o
compressor or air compressor package.

T Air compressor auxialhiudraxteocwimpmantesmt hat p
syast equi pment such as dryers, filters, coo

T Air compressor and equiopmpamti padiovthdiebut or s
information, bids, and sales ofemd rmusge® mpr e
service provitersd opshileesdec gdni st ri but ors may
provide design services

1 Contractors aenndgianrecehriitnegc ofmpramsi es cemd r act e
usres to provane epeaainfiingati ons for the give
These offitrems | ack compraddsdd.air spe

T Compressed air :sywneemr asers ofusfeaci |l i ties
compressed air systems, such as manufactur
t hend russree responsible for the operation an
air systitemginahyg | ack complete training or

2Q2ZTitl e 2F) nGASHE ReipRkdOr2RCOW ROCH|3 4



T Trade
Compressed

best

n additéesotnakehdolakesou,s

ass miaaneilyn & he

of feri

ngs

for

consul

Compressed Air
Aior €amil fe nigedss tor y
coll abor at e -apoe rpatoinornt ea oo gss, t
praevelcems,standar ds,
mar ket pl ace

and Ga
representat.
psrtoavki edheo Itdrea i n

and i mprove the ¢
the general publ
tants provide se

efficiemscsggrandeperf or mancteoap s eansdineusséel h e

rel at i

Fi gBrGGompr esasgydst enmr ket pl ace

onshi

Auxiliary
Equipment
Manufacturers

ps between

t heisg3sé¢ akehol ders i s s

Very high-volume purchases

T

Y

Air
Compressor
Manufacturers

* Centrifugal
* Reciprocating
* Rotary Screw
* Rebuilders

Distributors and
Manufacturers’
Representatives

Y

Contractors
and Architect-
Engineering
Firms

Very high-yolume purchases

N

/

Market Influencers: Auditors, (fonsufranrs.
Trade Associations, Govemment, and Utilities

Compressed
Air System
Users

* Management
* Engineering
 Purchasing
® Operations
* Maintenance

Sour(cé.:S. Depart ment Energy 2016)

3. 1RPilpe Si zing

Distribution and piping system design and ins
stakehol der s. Il n general, there is no one typ
pi ping system design. ahdeidssiagn coul d be per-
engineeringhdueges rudset aif i, ot herwise. Simil
coul d be pet+¢hfoaursme sty fi mr contracted firms
principl es arae dcloensssi sotfe nntmprleegment er . Sever al S

epl ained

T Cosctut t i

t han

T Lack of

f Load

t hat

ng at
specified

k nloenvd te ddyees iod n

gtrlbavtt hex ceeds

piping
t her

2Q2Zritl e

can be
t he
design

original

under si zed

design
document s,

practices or

due a

stage or by

procedur

| oads used i n
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3. 1M@nitoring

EQui pmeamtuf a@anadr ser vice provider stakehol der s
monitoring product | ines.haVke dweaciplraadiue tsi mad
roughly 2007. Tchoemee ciisals wfvfaiidiaeébritl i ty of the p
requirémentay gi,vemewidammdtiromct i onl rdeedk, saiirm:
compressor manufacturers are inmcdemacsnint@dlyi ng i
head off equipmenel 8aabkset smaandecdbmpl ement w
contracAdttarmgui pmenbaard ebbutdions are al so

Venddawxi liary equi pmehpt onaindé as€t olr omdauicittsor i ng
inclLudhet are Mot Lleiamier ed Be&xo Sal esMet@ASE Contr
Compressed Air Energy Management Systems (CAE
EnergAir, Ener si zRea,n dF| eKxaiens,e rl nCgoenrpsroelslsor s, i Z
Light App,tr®Omni Maii ncy Scal esGo ngpargees sMeed eAiirn,g,S M
Corporation, Sparks Dywamis¢cs.umwmte FI|l ow, and

3. 1L8ak Testing

Leak temdsdtngofitsen performed by the party who i
in the Pipe Si ztimigs smank etn aarbyo vaef, ced ud idmlo e
stakeholders, includhongse,pdtipefd@anmnmagd i o ms, om
ot her wi se.

3.2echni cal Me a gAevhaiilliaebypd iGwr rent Practi

3. 2Pilpe SiiTzeicnhgni c al Feasibility

Basedhenstakehol der discussions, compressed ali
appropriately sized eismpetch ea lednegs rugsne- g haer bgeer mor e,
proactive designers often oversize the pipes

grow. Bestimge guidelines vary, but a maxi mum
from compr essoernddiiusscelpartgeen tquuot ed. -Ghpsercectud
l oss in aftercoolers, dryedfspeacenti ttheosgWwit

dstri lputpiicamdtsonscer regul atemgd suped®Otrkram @di des
suggedtpelrcent pressure drop in the distributi

To achieve this, reference tables of pressure
tyi cakdyimsthe design process. Equivalent | en
often used to cal SubhkBtebopdestshuaeteg pdeadipgerdi ng f or
velocit-BesanvbpfismDnsmaepnhbendssufsf tgipaetakb!l vy

mi nifrrailcti onal .pTesserse gaor dr mi ni mal pressur .
know the system pressure and | oads (in cfm) w
dependndnuslehere are typically accepted | oad vV
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pneumani ssseand pistons. However, | arge, custon

standa,acidzedch design must carefully consider
| ocation in the plant.

3. 2Ri2pe SiiMairnkget Availability

Compressed air apviapiilnaghlees manmnelaaet |iyn di fferent m:
various standard size diameters. There are sp

are marketed towards compressed air systems,;
be udedferent lipiagdmaiwewdishdds o have varying s

roughnkas can i mpact friTchda omorp rpesessesdl raei rl ockess
typiwabdpgeci fy pipe materi al and pipe diamet el
comedg omf abel ity newmadidveean bdy factors such as t
process in the facility, expertishen,y and cost

compressed air system designer hpagsv dihlea lioloil tsy
best design prnaanteied® sboalbrise mot o t he proposed 1
properly sized, pipe design measure savings w
unl ess changes to | oads or capacity exceed th

3. 2RPi3pe SiiCuirnrgent Practices

Even i f pgpsngddese to best practices, instal/
install end rascepthef or reduced size piping to se
|l abor. cAddisti onally, it is commonorfeonrd euxsiest i n ¢
andcseons of pipe which can dramatically affe
if frictional pr es s uLriet edrraotpusr ea rseu gegxeasctesr btahtaetd .a

existing systems have di st r isbiuvtei opnr essyssutreemsl otshs
(Xenergy, .9tnack e ROIOder s repeatedly have stated
by firm; although there are accepted best pra
standardcrassoactanatt desi dessi gihipr poalpeélsm |

avoid artificial demand from higher than nece
use of recommended pipe sizing design practic

3. 2Mdni t orTiercdini cal Feasibility

Asi de from the crhatlil men gaersdswdrdydhtt lomdacgedsr e ss | eak
primary barrier to proper | eak managreengaitr i s
benefsotnse. st aksehactledde i si bi | i ty dSiinvcees |aecackosu natraek
virtually i nfva csiilbil tey pm@oobd gk, ew cwawhat t heir | eak
any given time without some sort of assessmen
a specialist or consultant. Similarly, the en
repairs arsei balles oanndooth hvenves ument | s wiotthcuwtsi |y
targeaed coAsdecstciromead fyeoenal article, | eak m
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the single | argest, most widespread compresse
i ndustantabhndl carnrge cotf hceomiblr essed air energy <co
management of energy performance indices for

( Her n athedrerzer a, et al . 2020)

Curreamndrygy assessments are merufldaramead by dc smter
whenever daecfiadceisl ittoy devote resourcesThbstheir
most obmphased reacacoomul ated performance i s
prompt inmeg goyf per ogr am or croantshuel it ramlata hmaw ekleyt er s

Compressed air assessments have been shown ag
dependab®tf{ecti ve savings thr ougAmocnogmptrheenens i
various opportunitiretsi mibead,l geakt magalgeamlenti de
mostmnmoon ssue and the | argest ctHessmeonf ebDtaht.
Therkel sen,.Meni abri28g15b5» the | ogical next ste
manangeent providing streamliasaefilotoasseasnmendns aa
continuous comml saeowi g | SOgHARGL dersactro bealds i
t he Depart mencto nopfr eEsnseerdg yabisr ener gy management
threel Emgnes for a successfsall d elm&s eolriomge afmorar
compressed air usage, establish | eakU.IlS®.ss, an
Department of.AEhemgaynualléand operatuenhafotbowe
those cruci,vali dh ecarealdlepy achieved through a

Ascontinuous commi ssioning of inbasedi al facil
management of comprasnsddeaintrarkyedt eamdo pits on pha
rel atively few sources montherrebatandnehepgbets
especially field studies wHdawe veearg,ei studakbky |
stakehol der feedback, and some irneepvoirttasb id ol tpyoio
monitoring use in compr espsreodv eaemerntc.conti nuous e

A reEeatgy Commi ssion field study off @aumdmpr e
cleareftesti ve benefits and customéresmasti esmhac:
et al .A 2n00lmi)t ori ngpoyvy sitemdtahat trending, and
metering points proposedtin Ot2hiisndruesparitalwd sa cii
California. AThe main purgementofsy htee B]MSwWq € nte¢
energy optimizatiomlluyi @aageineirgy [Riogsiumed i on

identifying and generatiindgenmntisfiyhamsd fcalmcualhat
and triggering alertshsamharddginessi oor amhae yfsa
randomi zed coatbloilnd rb ad eplwirn do da sdowopmegits of abo
6,292,000 kWh/ yaiaer teat tthhed rsibtehsavi or al respons
and al erxttsr apol at iroinc alf ftihredsien gamptio t he tot al

compresssesagasaiut d suggest a potenti al statewi de
GWh/ year. Thwoeel ¢ amamngrsiealki 2na nfargemqment and ot h
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corrective actions aimedfati@®@bcyghai hOoRgpaotat
41lper cepntted to puuvueamencboating serviceerof th
the -yeag-ppeastod.

Asi de fromrsctahies tfluakngde t her es elvaempwbllbieeme &d case
studies on tnoenibteorefnigt ss nofcompressed air syste
Ener gy BRietltdarn g sh eHrpoegdr ammp | e me nda saend | &S®Op r5dDaDOH  a

Johnson Conthaktsihac¢hbdedygdamwebt owiitmegt esryisntge no f
flow, pressure,cuamdinded. mpDeparotrmentThefseEner gy r
monitoring data were used toemelsgawdiinaggsn oosfe 3 s
percendtargely due to | eak repair. For instance
pi nprmnulnti ple air | eaks inside bag homnuslkesarntdhdat
Il n another case study of monitoring applied a

monitoring was shown to prompt maintenance an
per coeefntcompressed air Anestgyt ednsfutmipeti wamtr ks al s
t hat measurement of actual operative conditio
consumption related toécdmprseyaperaisthogesn d rhat
of momingoenergy consumption and contrboloanerg
to enabl e energy savings practices, enhance t
projects, and to guide i nd(uBotnrfiae,s eitn aeln.e r2g0yl 8m

Anot her recent online articlemoontdleeobpbebefdits
|l eak management behavioral resqmansentaetr man tiemd
exceelddnh@0 @ Hofemmz eAn ni.eddt)anbhi t or i ng as ylsetackm s h o
|l oad of abotuhr @y &0 Qcrlednad ad ahemu caends u m@thieo n .

scale of waste was so much greater than antic
i mpl ementedcti aedaest epteyrimattheedak management str
basedloenmrts of | oad gtedthbabeiylomdt wiash aceass e, t h
monitoring sgyesemrwasonestablish the-ofai nanci a
invest ment that drove the corrective actions.

Compresgmdcidioring systems have benefits far b
Momiorimgamé& should be | everaged to monitoring
and specific efficiemanpwy Ohbesetdat aieanfseshowp
beyond | eak Irpepragal iazned thhreef ehbegexbenhehgt sontr
codeurig emernetcsant i cl e cdaessecsr iwheesr e moni toring ¢tr
alerts Bdehtsf{(HMatsbakl | A0d&decomperessor room
oper atti nogrer si x times the empechedregaerpgdiahn
uni denti fi ed mea@aharhiaddalb eiesns tbd owi ng off excess
amount .0fmn tainme Momi ¢ @s e ng sphooowel dy tabpept|raeeldl er

compr ess dirads ibziemg operating two odmgriegshso rl so adu
wheanly one woul dY ehlta vaen ost hfefri cceads.e study from A
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two situations in which momaritorralnlgers ymsrtegrsa mmdi
compressor replacements that wererwdstiemerflyo

cosdats a meat processi(nRyanppllaenyt aanndd Maaiwsnhialll 20 2
t hefsaci,l imoneist onreicnegs swearsy t o i dentify the ongoi |
woul d have i mmedi atl el yslhdbahenit hemi ngshave been

first place.

I n general, there are few technical barriers
systWwWhm.l e some compressor manufacturers offer
package options tpatopwseweldd mehaesives feagr e hael so modu
cl ovalsed products that can be added to any exi
the avail abhe pabdatysthe proposed requiremen
scenari o.

Thehas been amahrdkstmper ceagti on that fl ow meterir
i naccurate, but subject matter expert stakeho
ut d ptted pecti ve and that available technology
roperly sel ectmad,ntiafilstesd.lhetder iamg i s a regul at
ood practice without prohi biltoiw enemanmrisetare@r atv
obrot h dry aew wet leds ereenrg avail abl engdince ro
| t hough stakcehbomddr aovedp tad rl reed tiearbiing ty and

ccuracy, sdtilHdr.Stuskpsehcotl der s have exaplpaoirnteidont h e
he mar ket perceives wet air flow as problem
st awbaadavdoind anyalp @ptreéorbtl pmssi blse,sHdwlwd med er

stafted, ddyar stse,t sannd tfiiglat e moi afttueare sawmfdf ibaiii
raight pipe Iength to fuddgl ek Vtedvoponhdebshe
d moi st uvorfef tsoe ndsrooops, and wet air compatible
ers areornoat pacmprndssor .iogc learageginemlc @t i on s
S metreots @aompatible with wet aircwhibe diff
hougbtt abebksl have explained that cabrbratio
0
i

9 W T T 0 L Y hQ T O
Q =™ 5 -+ 5 o &=

© > 3
5 —

i ng r egqust rpernuednetnt t o assume that it is a r
abl e measur ementFlaonwimestaevrisn,g ss ubcen eafsi ttsh e r me
n changiet wedise tti v f ouflrionng aifr ftlheew scemrssotri t uen
ticeksy. parti cl

y
S
t
g
I

o O =
- 9 O
0]

The proposed code | anguage also allows for in
without | diwr enett er i ng. &red floa rmenrattdiodrdyaetida f
compressor models provides aompraessonspowebet

operati ng Moonnidtiotriionngs .cg st monsth en dc ompr essor | oa
fractipmased ,pressure to deter mdee efimmwraat @en. o7
flow rates is industry standard and.asSiwicdkel y

both are a viable wanpdtoomahi sgstemoworndsesbo
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the proposed .coHiet H esrh gauphtgieoenn abé ¢s tleeev esla me e w
and monot or,oadss t he pr oAplosoawi nigntfeonrd seach met ho
monitoring will ensure product aawaidl &kicll iutdy na
mar ket sol ut i oaarsd lalnodw vfelnedxoirbsl,e croomppdsieadhce wi tFh
measur e.

3. 2Mdbni t oirManrgk et Avail ability

Monitoring of a compressecdoanert bfp et dhayrcarrisel
pr oivinagl erts, tracking, and KPls which qgeantify
in energy consumption.orFsnyygshemsbenefutle bf amhbk

system efficiency that is coupled with other
detection, runtimes, production patterns, and
operation. Any systemmogncchedl rgelragddmont botr
growth or | eak | oad identification. Similarly

through use of compressor current or power me
metering.

Monitoring isimaodmuystutrarcabgt a@mdoptcenas s 1 ncr
optiaonndsv ai | e p hanntldysc o sdesc . i Téne products and pro
i n SeX.tciammn provi de the necessary equi pment and
t hr oowgh CalMeftoerrniinag. of pressure (used as the c¢
systems) and dewpoint (for ®gesbemy whdbsdryes

pracitm cmocsetnaPamotsi cul arly | arge systems, espec
cmmpressorlsgvefmetnheri ng of flowrates orhip®wer,
i's industry stanQ@maetda kperhaocltdiecre eoxrp Ilnacitn.ed t hat n

ener gywwgmars and doesti gemretresrt ai n bids for system
ad that monitoring is the ;netxur alilgy tdd ocnwgr riinn
is expected

FI ow meters come in a var iocngy i difinsfegrtmdoar umlatl r a
mass-] i neFoiensctance, a singleudetmul prpldect cal
measur emenftlsow,e.pgr.essure, Thnd pempesatudePrs no
speyfilfowmet er requi r emeonsasidloorw dfeosri gfinl lewti ibdres de

and avoid impacting natur al Merakaeitd ,c otntpeertd ta roe
some fl owmeter types that are detrimental fro
orifice meters which carry a heavy pressure d
Metering ofpacwenpreasolbe accomplished usi,ng eit
curresduceas) or real power measurement. Agalil
exact power metering requirements in order to

of the pgonadmposeadh be achieved with any number o
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I n addatrbdbhowoand power, monitoring systems ¢
point, temperature, pressure, and other point
monitoring sohtwadataahbhous$eatki ranlyu cdiumg etrh e fl ¢
and specirfeaqgocuiproanderi n the proposed measur es.

3. 2Mé&ni t oirCiumg ent Practices

Leaks and | eak management have been probl emat
as |l ong as thereeldasibeeheatdmpdevyel op through
degrading sepber pnbumat oo, component installa
ext d retatkksat may have been missed during initial

Recommended best practki cper eivse nttoi oens taanbd irsehp aai rl
designed to avoamwnd i epgaiti flyeaks aeikt her conti ni
Despite this recommendateinodn russeceang wpeehyoksow
management practice i s nmdt rwicckd svper dahde and eddd
Currently, | eak®edarnea raanelmel rdl @ reessdhe@eornd onl y 3
usres have | eak pr gvXeemteirogrny ,pSlangd.tarm2sO0 Ra,hi m and
Hasanuzzambder aaHegz era, et Aal aed@80)ypikally
accmotu f-8fpexkoefntsystem | oad in industrial setti
thresholds are -1(ppepircéldt $. abDepadt hentAnofn ,Ener g
Moskowitz and WKa%.anae Rarlt3ment . SafmiHBmerlgyy, 2016)
stakehahder ef er egrmoaebse ffsfteacttei ve | eak targets are
percent

e
e
Al t ho h | eakbensan apgreaneeyrnetc et o hlhyg real i zed i n th
new t s an dh eplrpoitnogc odlersi kvaet et thotwearr desf flbireddiush ¢y a l
mar k e are brea&lfiizisngftite®nti nuous | mprovement
u protocols sochiasi V8 §0606Blaantdthe Dep
g S Better Baiddi eaygshpPbegofaen. Lawrence Bel
Nati onal Laboratory showed clear energy cost
acros mul tiple industrial seimgeTsh airsk enlgs eem,e r gty
201.%) nce compressed aaigre,i 9 n®gddh cient fraction
it must beadaptti cof ilamysuch continuidites | mprover
Department of Ermaldy dDpeciomigoalnlgy moni toring o
energy performance psman&dgegmeartsypstemerign i n
(U. S. Department dfo Hmett gy s20rk@gdyi anle ttro cpsr oapreer
i mpl ementation. As describedartnhiahecamdressed
monitoringtbBemadaredssever al KPise tbmpresséedbal
continuous I mprovement enabled by rmeasur e ment
presgMae shaCSA nGrda uy pGeznOelréa)inloyne of atrlkee d & aKKled

by most facilities without oewnleyr ghya vnea nva gse nbe nti t

> 0w O «Q

t hro
Ener

(@)

u
0
t

9
y
n
S

2Q2ZTitl e 2F) nGASHE ReiRdr2RCOW ROCH|4 2



me
co

3.

Wh
| e
gr
tr
pr
oV
w h
pi
An
Le
de
| o
t h
St
di
t e

3.

An
bu
pr
i n
ac
of
i s
ga

3.

Al
e X
t h
Wh
co
cl

trics during thenccaisdienaby ascesmgisessed air
nsul tants.

2L&dak Tedteicthgqi cal Feasibility

il e moni tedr iang tirsac&iimg performance and wast
aks may be present upoTo itmrsatcal dl sstaikb Al acefdd n e w
owth over time, a proper baseline needs to
ending. Ensemknd omidniamal nstall ation of new
actice to avoid |l eaks, it can adcmparil porst
er ti me. Furthermore, | eaks that develop ov
ere most fBndtvnbsatuses occur. Leaks in hea
ping, and risers are more dif fiiscudpertat iaodndarl
y | eaks present at installation shwpld be i
ak tesansntgr a¢ti on can be performed in a numl
tection fluid at joints Bapdt§jtobsgsyiopseo
ading, or observing pressure decrease in a

e rteegsuti res pressurizing the system with a te
akehol ders have explainedmhat ftiesnt, @aladbdtoiug
stribution system would have valves and cap

st.

2L B8alsTiiMgr ket Availability
pipeastall atioanulcd merafakrot esti ng without tra
rden. | tacsi aebiamtdn ® hlrareri er to performing |
oposed in the heodpee olpopkedage.e process woul d
stallingrcemtirfagtact as the qualified | eak

ceptance test TheckniacispreeWVATE®) gui del ines fo
compressed air thaet examrtbe elaked otaad se s tHiowatv
| isnektf ngoitecommending an easier replicati
S piping code

2M®@®ni toring andi Cerarke Mte sPn aagt i ces

t hough | eak testing ofemstew rpa optiinge ,i nsstt aak d haa |
pl ai ned tsh aticloeopgslceathrdr ehensi ve | eak testing
reswol@idt en depend on agreements between t heg

il e the majoritwoof drbkewkteshdg taand ahta voen smi ni mal
di fying t heentprraaicnt ibcaed caacnt or s i nto this best
ear baseline for ongoing monitoring.
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3. Market I mpacts and Economic Assessmen

3. 3lLmpact on Builders

Buil ders of resiadaénsitalucanmdescsommer directly i m
measures proposed by tnhef oSt attheewi2d0e2 2C AcSoEdseT ecayt chl
the nor mal practicesdplusthéebei bubunéssiey poaa

building codes. bWhkedenscesgagg,in continuing

in order to remain compliant with changes to

Californiads construction industry is ndesmpri s
and 860,000 emmbdglers2@s®e tot al payroll was ¢
Approxilmatlkdly establishments and 3ddmhOéOcempl c
sector. iTnhdeerr eonfa est abl i shments and empl oyees
ifmfrastructure, and other heavy construction (i
lAverage tot al mont hly empl oyment tihne Ccad nisftorruncitai oinn i2n0dlu8

represented 4.5 percent of 2018 empl oyment.
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Tab#e California Construction I ndusand, Est abl
Payrol |l

Construction Sect Establis Empl oyn Annu
Payr
bill3$)
Resi daelnt i 59, 2 420, $23
Residential Buil « 22,6 115, $7.
Contractors
Foundation, Str uc¢ 6, 6 75, 2 $3.
Exterior
Building Equi pmer 14, 4 105, . $6.
Building Finishiri 15, 5 123, $6.
Commerci al 17, 2 343, $27
Commercial Buil di 4,5 75,5 $6.
Foundation, Str uc 2,1 53,5 $3.
Exterior
Building Equi pmer 6, 0 128, $10
Building Finishirti 4,5 85, 6 $ .
|l ndustrial, Utild:| 4,1 96, 5 $9.
& Ot her
|l ndustrial Buil di 29! 5, 8 $0.
Utility System C« 1, 6 47,6 $4.
Land Subdivision 95. 7,5 $0.
Hi ghway, Street, 77 25, 4 $2 .
Construction
Ot her Heavy Const 4 3 10,0 $1.
Sour(c®tate of California, Employment Devel opment Depart
The proposedomparegasgtdd aimrrreengeuotus d | i hedhy aff e
resi denftheattesf foem t he commerci al buil ding indust
and workers, but rather would be cohalkhher at ed
shows the commerci al buil di 9 Bedbmeexmect & hteo
i mpacted by the changeShermpostedringtmeasueeo
primarily affeconctompressednadielectricians whi

l eak testing meapmiupgiersg wheud idg naefrfelcan 8t abeivr det
CASE Teamds estimates of t haea emasghmiwnu den oSfe ctth eo
Economic I mpacts.
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Tabbe Specific Subsectors of the California Co
| mpacted by Proposed Change to Code

ConstiramctSubsec Establis Empl oyn Annu
Payr
(bil i
Nonresidenti al
Contractors 3,1 66, 9 $5 61
Nonresidenti al
HVAC contractor 2, 3 52,9 $ 47
Ot her Nonresi de
contractors 50 8, 8 $08 6
Al | ot her Nonr e
contractors 9 8 17,9 $14
Sour(c®state of California, Empl oyment Devel opment Depart

3. 3l.Bpact on Bui |l dinndg EheesriggygneGosnsul t ant s

Adjusting desi gn prhaccthiacnegs ntgo bcuo mpdliyn gwicodes p
t he nor mal bpuridcdtiincge sd eocsfi gners. Buil ding codes
Energy Code) are typixadd yr aipidaitemd oyclae tdamaek el
desegea and energy consul hanhg edgagéei bon aad t
to remain compliant with changes to design pr

Businesses that focus on residential, commerc
designnaaened within thes Asedtidre c(tNiaratl h SAemerriicc
ClassificationT8pbseheawss 4t1i8el ONnumber of establ i s
empl oyment, and t ot alldianngn uAfarlc hpiatyercotlplrr cafd @ ISSee® uvii ¢
code chwonugleds pot earctti alllly fiimpns wi t hin the Archi
The Statewide CASE Team amotnmipcriepsasteeds ati hteoriengpua cr
affect firmeltmaintdmensiisd eomt i al das cgmmrsd u utcrt ii aln

There is notri@aNodmiuAmey Cl as sicfoidcea tsipoenc i Fyisct
energy consultants. I nstead, busdntseskewsiltdiang

NAI' CS is the standard used by Fiedgrladsisneds sdastcabl iagtem
the purpose of collecting, analyzi rhge, Uarsd puwlsliinsehisn g ¢!

NAI CS was development jointly by the U.S. Economic Cl a:
Canada, xdmcd'Me I nstituto Nacional de Estadistica y Geog
comparabil ity sitdn ctksuainmergs tsteatNior NI £KBeriepdmacedunthri &t a

I ndustrial Classification (SIC) system in 1997.
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energy efficiency are contained in the Buil di
541350), whiedh ofs fciormrmpsr ipsri marily engaged in t
residential and nolhtesisdeamt i @lo sds ivibhliedd ht gbsudsei tneers

establishments within the Building I nspection
ef ficiencyThceo nisnuflotrimmagtTiachidpes boewdesnan upper bol
indication of the size of this sector in Cali

Tab6:e Cali fornia Building Designer and Energy

Sector Estabhme Empl oyn Annu

Payr

i llio

Architect st al S 3,7 29, 6 $ 201

Building I nsp®c 8 2. 3,1 $02 2
Sour(c®tate of California, Empl oyment Devel opment Depart

a. Ar c hti ureecl Services (NAICS 54r3b0) ecompid i sdmemitisveotré m
in planning and designing residential, institutional
structures;

b.Building Inspection Seornvpersi esp r- eNtt c€rS &sAt1a8BIBI0OI)s hment s p
engaged in providing building (residential & nonresi
aspects of the building structure and component syst
services.

3.3ImpactOowanupati onal Safety and Health

The proposed dcooedse ncontanaget er any existing feder
regul ations pertaining to safety and healt h,

existing healtwoahdmaiameiey pflolmensce with the pr
code change is not anticipated to have advers
occupants, or those involved with the constru
the building.

The environment al R&Sa | ke preeontt se a € ka fiytasCriE Hd & we | o
operations and maintenance protocollsn tchaastescov
whermewoni tegunpgpment are installed as part of

SEstabli shmeaé€sor biunscilnuedseses pr i meawall wateinmgga gaee dbuinl di ng 6 s
and component syed eanseraqiyd e fnfcil uidency i nspection service
services. This sector does not inclutdegebshapbketcshmaat o]
pests, hazardous wastes or ondhmoeenivi riommemdal staneé aammn
government entities that focmupl|l ioaandeae/i ¢ dfi mrgc ®eme reth ea fg yb (i
regul ations.
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th&H&S prwowvwicedqui seomce®w@eper ating parameters a
procedures of the monitoring equipment.

The propeogsued swimehpbpl y to headt hcare facilitie

3. 3lLApact on Building Owners and Occupants

The pr ocphoasnegde ctoadiegd hpe ctiendcrteoase thdéiirsecr emsntsal
buildi ng@anadwmelrds ti onal mai nt e h eotfc ebehceo sniesa souvreers .
Compressed amayeasdgpaeseensace an hidlja shteneami mer i
accust omeodp etroa tti hoere wo fmotnledj omepnatg d dat a st orage

mant enance

Commer ci al Buil dings

The commerci al building sector includes a wid
restaurants and | odwd erge s traeldlaiidh mamtds mi akredd war
(including (rKefnmiegye 2BEOMe&Odgygy use by occupants of
buil dings also varies considerably with elect
cooling and conditioning, and refrigengtion.

water and forAspacei mfigat mantgi.on published in t1l
Energy Efficiency Action Plan, there is more

floor space in California and conswmes gly9 per
eKenney.Theld) versity of building and busine
eates a challenge for disseminating infor ma
l uti ons, as does t he fv aruiidliilnigt yo wnre rsso ppamids tt
lahships between building owners and occupa

= »n O
® O =~ O”

dustri al Buil di ngs

e industrial building sector includes a wid
I refineries, power geneantliaoghéncfhctlesie
irmaly focus on manufacturing, processing, ofr
il dings also varies considerably with el ect
nditioning, and refrigeheati onushMostalsedsdect oir
om utilities or other independent generator
ectricity either directly from other fuels
dustri al bui lacsi f s hxea tn antga ewealthegra tainndg .f oA c csopl
i nformation published in the 2019 Californ
dustrial sector (including agriculture) 1is
nual e n(ekregnyn euys e2M01s9t) of t hi s energy i1 s used
d the 2019 California Energy Efficiency Act
l atively small proportion of ingasteri al ene
ating, or -sptefcarf ilcuipludipmgges. The diversity o

> - 92 9 T~ — O ™0 TT O H

® ® > > 5 OS5 — T OoO¢cCc - —™T T O
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within this sector creates a challenge for di
efficiency solutions.

Estimating | mpacts

Building owner sviahdbeaoed@panths d hsl. owvesr desemug)ys e
Sect3d.ofyn. When building occupants save on ener g
el sewhmrtehe economy thereby creating jobs and
economy. WhdeSCAESEE Team does not expect the p
the 2022 code cycle to impact building owners

3. 3lL.hpacBubohdi ng C&meaioln@nmdl uddamauf act urer s
an® striputors

The proposed wooudedcalasged sal ehe manufacturers
ometeri mpnanoringlequicpmemraini es mawyl &Isso ni mc de
for cudtoomarisnt ai notlathesmonagered equi pment .

3. 3l.pacBuiolndinsgector s
As a result of suhe, wohkpecesad mepabA?. 18 the

Compressed Air Atclcetptadcddse tTe sttlkse | i st of compl
pl an exaamndebui |l dihg i mspesiton. of ttehset nfeow ac c
met eri ng weocud wrqaudy e ai dii & dt @ efedrmdé Dir onn alh et est i
compl ete and sign the corresponding complianc

meets thecaccepgtuar ement s 3s.felchief idedud ititmeoNA 7 . 1
Nonr esiG@emttiifailcat e of Accepguamee addcamemtal mawn :
time®@r the plans examinem aredilbyi lcdimpd i iamsmgect

TabTsshows empl oyment and payroll information f
agencies in whichf nmeyi derstpiexlt oarsd commer ci al
empl oyed. Buil di ng iinnscpoencttionrusi npga rttriaciinpiantge t o s

aspects of building regul ati &dnsa,t eiwn adllea &MBSE e n
therefore, anti cdlpangoesuhtdlve moop ompeaadt on empl o
building inspectorrsolog ddredsactoipreg odndrhgey ref f i ¢
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Tab¥V7:e Empl oyment i n California State and Gover
|l nspectors

Sector Gov. Establis Empl oymeAnnua
Payro
(mil |
$)
AdministraiStat 17 283 $29
Housing Pri oca3é6 2,882 $205
Urban and |Stat 35 552 $48
Devel opmehiLoca52 2,446 $186
Sour(c®ttate of California, Employment Devel opment Depart
a. Administration of Housing Programs (NAICS 925110) <co
primarily engaged in the administration and planning
andtandar ds, housimhgusaiunhhopi ogeamsanpl anni ng, and de
b.Ur ban and Rur al Devel opment Administration (NAICS 92
establishments primarily engaged in the administrat:i
and rur al areasdubhchuded gopvehhsmenh zoning boards a

3. 3l.mMpact on Statewide Empl oyment

The StatewlheaainoGeGASSEnot expect the addition or e
resutheoproposed measureposkd kthrnggepantre sBhe
adjustments to alr aAsdydeprcod dedi nqq Werck. ons 3.
the Statewide CASE Team does not anticipate s
i mpacts tiocuanayr psaerctt or of t hei Canaotf otrami |aa e ctoma
proposedwobhdgehave modest i mpacts on empl oy m
Sectionhed SAt,at ewi desCA@&Bh&Ee@mmopos edomprasmmgeed n
air r equworuehnietretsst at ewi de empl oy mentecatnldy eacnodn o n
indirectly through its impact on builders, de
i nspector s.t hlen Sad cad ietwii adre,sC A &Bavee@amer gy savings
associated withndgswe ugrdopd eesaaeld t chanode svti moghsgoi ng
for California residents, which would then be

3. £conomic | mpacts

For the 2022 code cycle, the Statewide CASE T
al ong wi tch iencfoonronmait i on f r om p uebslsiisohneadl sjouwd gceense,
devel oped esti mates of the economic i mpacts a
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changWwhi.l e this is the first code cycle in whi

estimates ofmpacdarsomisée ng | MPLANt hiatt itdhei mgomtoa
i mpacts devel oped for this report are only es
some extent speculative information. I n addi't

relatively sitmplhe ofephes&€mti a forni &t &tceowiodngy an
CASE Team is confident that direction and app

economic I mpacts are reasonable, it is 1import
i's a simplifi ccaotmpolne xofa cetxitonesmeanyd 1 nteracti ons
businesses, and atshdrhegr gearmsipoatdi dms changes in
codes. In all aspect of this economic anal ysi

assumptions regar dnircg btemefliitlselays socarmd ed wi t h
change. By following this approach, the State
i mpacts presented below represent | ower bound
associated with this proposed code change.

Adoipant lbbifs codpremasagle wout dl aesuelyi modest ec
i mpacts through the additional diaedti sgpgesdiin;
building industry, architects, energy consul't
CASE Team does not ant i cyi pcaotnemetrhcaita | mobnueiyl dsianvge ¢
ot her organizations affected by the proposed
in additional spending by those businesses.

4l MPLAN (I mpast fAmalPy anni ng})oustopfuttwanroed eils uasne di ntpoutest i ma
effects of proposed MPILIAN iiess tahned nporsotj eccotnemonl y used eco
due to itsamrmésttenmnsdi wesedetrmidredodutngwirnmadrmgol dywage i nform
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Tab8e Esti mat ¢edthat mpaotpti on of the Pr opoxaend Meec

the California Commer ciialli ponSsitzrimncgti on Sector
Type of EcononEmpl oyr Lab Tot al Outp
(jo |l nco Adde( mi Il i
(mi Il (mil i
$ )
Direct (RAfdfde ¢ti s 47 $ 09 $4.0 ¢ $ 677

spending by Co
Buil der s)

Il ndirect Effec 1C $0 74 $ 118 $27
spending by fi

Commer ci al Bui

|l nduced Effect 2 C $ 114 $ 205 $ B <4

empl oyees of f

experiencing i

Aindirecs) eff

Tot al Economic 77 $ 497 $7131 $1.28
Source: Analysis by Evergreen Economics of data from t|

Tab9e Esti mated | mpact that Adoptwioawn dofthatvlee ofar

the California Commerciidbakofiestunogi on Sector
Type of EconolEmpl oyr Lab Tot al Out p
(jo Il nco Adde(mil i
(mi Il (mil i
$)
Direct Effect: 3 $0 . $02 € $0 4

spending by Ci
Buil der s)

|l ndirect Eff e 1 $0 . ( $0 . ( $0 15
spendi nmgs bsyu pfpi
Commerci al Bul
|l nduced Eff ec:t 1 $0 . 7( $01 ¢ $02 1

empl oyees of

experiencing |

Aindirecto ef:

TotBedonomic | n 5 $0 32 $0 47 $07 ¢

Source: Analysis by fEvekatga efemormctome mi dBL AN V3.1 model ir
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Tabl@e@ Estimated | mpact that Adoption of the P

on the C&loimmenrmci al Constrilwedak oMo rBietcd roirn g

Type of Econ Employr Labc Tot al Outp

| mpact (jo Il nco Adde( mi Il i
(mi |1 (mi |1

Direct Effec 3¢ $22¢ $ 03 $50C

spending by

Buil der s)

|l ndirect Eff 8 $0 55 $08 7 $ 168

spending by

supporting C

Buil der s)

|l nduced Effe 1E $0 85 $151 $247

by empl oyees

experiencing

Ai ndirecto e

Total Econon 5 ¢ $ 368 $ A1 $9E

| mpact s

Source: Analysis by Evergreen Economics of data from t|

Tabl® Estimated I mpact that Adoption of the P
on tClméd i fornia Building Dessghtansat aRi@p&tbhergy
Sizing

Type of EconomiEmpl oyt Lab Tot al Out p

(jo l nco Ade (milli
(mi i (mil @i

Direct Effects 8 $0 8 7 $0 86 $ 153

spending by Bui

Designers & Ence

Consul tants)

Il ndirect Effect 5 $0 36 $04 ¢ $0 77

spending by fir

Bl dg. Designer ¢

Consul t.)

|l nded Effect (¢ 7 $0 37 $0 66 $107

empl oyees of fi

experiencing 0«

Aindirecto effe

Total Economic 2 ( $16 $20C $B7

Source: Analysis by Evergreen Economics of data from t|
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Tabl2 Estimated | mpact that Adoption of the P
on tClmd i fornia Buil diEmge res iCpopmerud téametask Sect or s
Moni toring

Type of Econo Empl oyr Lab Tot al Outp
(jo Il nco Adde(mi I | i
(mi L Li (mil i
Direct Effect 0 $0 . ( $0 . ( $0 . 5(
spending by B
Designers & E

Consul tants)
|l ndirect Effe 0 $0 . 1( $0 . ( $0 . (
spending by f
supporting BI
& Energy Cons
|l nduEfefdect (S 0 $0 . 1( $0 . 2( $0 . (
by empl oyees
experiencing
Aindirecto ef
TotBdonomic | 0 $0 . 5( $0 07 $011

Source: Analysis by Evergreen Economics of data from t|

Tabl® Estimated | mpact that Adoption of the P
on California BudPidpegSilinispgct o

Type of Economi Empl oyr Lab Tot al Outp

(Jjo 1Inco Adde( mil |

(mi LI (mil i $

$ )

Direttects (Add] 0 $0 . ( $0 . ( $0 . 1(
spending by Bui

|l ndirect Effect 0 $0 . ( $0 . ( $0 . (
spending by fir
Building I nspec

|l nduced Effect 0 $0 . ( $0 . ( $0 . (

empl oyees of Bu
Bureaus andt ®ep

Tot al Economic 0 $0 . ( $0 . ( $0 . (

Source: Analysis by Evergreen Economics of data from t|
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Tabl4 Estimated | mpact that Adoption of the P
on California BuildakhgTésatsipmrgt or s

TypeEodnomic | mEmpl oyr Lab Tot al Out p
(Jo Inco Adde (mil
(mi LI (mil i $
$ ]
Direct Effects 0 $0 .0( $0 . ( $0 . (

spending by Bui

|l nspector s)

| ndcitr eEf f ect (Al 0 $0 . ( $0 . ( $0 . (
endingshyppboit

|l ding I nspec

uced Effect 0 $0 . ( $0 . ( $0 . (
| oyees of Bu

pection Bure

artment s)

Total Economic 0 $0 . ( $00 1 $0 . (

Sourcdédnalysis by Evergreen Economics of data from the

Tabl® Estimated | mpact that Adoption of the P
on California BuiledakgMomisperitmomg s

Type of EcwmpaecmEmployr Lab Tot al Out p
(jo Inco Adde(milli
(mi L L(mil |
$)
Direct Effects 0 $0 . ( $0 . 3( $0 . (

spending by Bu

|l nspector s)

|l ndirect Effec 0 $0 . ( $0 . ( $0 . (
spending by fi

Building I nspe

|l nduced Effect 0 $0 . ( $0 . ( $0 . (
empl oyees of B

|l nspection Bur

Depart ment s)

Tot al Economic 0 $0 . ( $0 .5( $0 . (
Source: Analysis by Evergreen Economics of.data from t|
3.4Crleati on or Eli mination of Jobs

The Statewide CAGE daepbmcidmpaedseuptrédcaptof sbendet h e
2022 codreegecuylorldeiloehad t o t heewypafsijombsofor the
el i minaxi gty mdgs of |j obs. Stnatod miede WOASE , Td dmbd s
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proposedwobhdgeresult in economic disruption
economy. Rather, the esti mat eisn oSe cetwioanio dB8 .c4 i m
|l ead to modest changes in employment of exi st

3. 4Cr2e ant ioor El i mination of Businesses in Ce¢

As stated in Section 3.4.1, the Statewide CAS
result in economic dtéeeugbiohotrtaoaiangceseaeomygr a7
chamsgepresent modesstmpceclasispasystem metsalglhat i on,
commi ss,wdhmicmg woul d not excessively burden or

Cal i forni airbarsiwoewslskesit necessarily |l ead to a
California businesses. Theamfodoes hbe Soanetswe
busi nesses eldei mprcrdeats CtAISE Felmtmatwi day exi stin
busi nevoud®el el i minated dwedtchams@pe proposed

3.4C8B8mpetitive Advantages or Disadvantages
California
Thproposesdd chwonged apply tonzloht pgwmaCaéssesnia
regardless of wheitheor pihmesibdie i mre ssutidsi de of tF
Ther ef otrree St atewi denBGASBnTéeampaoest hat t hese
proposed2 0202 ctghdeeeegulvaduihoghve an advehsee effect
competitiveness of ILCiakd wiogen,i at hbeu sStnaetsesveisde CA S
not anticipate businesses | ocated outside of
di sadvant aged.

3.4l.ddcrease or D esctr neeanstes oifn ltnhvee St at e of C:

The St atAeSvE dileaaGnl yzed national data on corpor a
invest ment by businesses that expand a firmés
domestic investAstablasbowEPDObErBaBA1IR0NPDI as

a percentage of corporate prafiitths amamdyled afgreo
percent. While only an approximation of the p
capital itnhvee s@tnmeenet CASbBeT &s&@mepr ovi des a reasons:

5Gov. @dde46.3(c)(1)(C), 11346.3(a)(2); 1 CCR A 2003(a)
di sadvantabethbhdpirmeCcsses currently doing business in the

5Net private domesshtei ct oitnhavlé savneosuinime wiE pi t al by the busi nes:s
is used to expand rtahenh edapihtaanl matimakai n oQCo rrpeeprl paticaef idiue t
t he moneefytaderfgorpatyisonts expenses.
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estimate of the proportion of proprietor inco
omers into expanding their capital stock.

Tablé@Net Do mersitvlastveest ment and oG@adrtpgr aJt.e&S.P

Yeal Net Domesti Corporate Ratio of N
|l nvest ment by After l nvestm
Billions Billi ®dos$ | Corporate
201! 6089 1,740 359
201¢ 45 . 1,739 2609
201" 509 1,818 289
201¢ 618 1,843 349
201 ¢ 589 1,8 7 . 329
5-Year Av 319

Sour(ckederal Reserve Economic Data n.d.)

The Statewide CASE Team does not anticipate t
withprntdposed woaidlsgtuarde t o shgnpgpé€i Cantrease or de
investment in any directloy craliirddirme atblsy eaxfofne
Nevertheless, the Statewide CASE Team is abl e
change in inversninenbhusiyneCsadas oby mul tiplying t
| ncome esttihmatadlies abowbi bl & lredptd siare @t of
about $4,569, 999 per year

3. 4f5f ects on the State Gener adndulnalgalSt at
Government s

The Statebvi Tehh@sASt expect t he pr owoousheddv ec cade ¢
measurabl e i mpact on the n@alsitfadrenisap®&s i @éndmuald
government funds.

3.4.5.1 Cost of Enforcement

Cost to the State

State government already nteans ,b wredgetatfiorm, c add
compliance enforcement. While state gover nmen
the Titl eSt2adn,daPRadrst, 6 ncl uding updating educat.
and resmpgpndo questiong egzilioute Meme asgceitiheedes ar e
already covered by existing state budgets. Th
when compared to the overall costs savings an
code changeTlTpeopoepbsesdarmeasvtr e x pevitretguratylol ya f f
state buildings.
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Cost to Local Governments

Alplroposed codd@ithengds Part 6 would result in
determinations. Local govbewinindeinngs dwopmahrdtt rmeenetd s
revised Ti tSltmad 24d s PaWHtirlgael ntihnigs irse an expense t

governments, i3t iasssoci a2 @MaAwietolc htalmege cycl e.
building code is updated on a triennial basis
retraining eversy utpidnaet etdh.e Tchoedree ar e numerous r
|l ocal governmemps i tamceuppa@aimnioa@ that can helop
retraining, including tools, L©8Badhaexngamdhd res

Standards (pucdr am EameAdy) Cotne Eex.tddnd@mppendi x

C, the Statewide CASBEv Ttehaem pcroonpsoi sdeedi ecdotdhei mphamtg
various mar ket actors involved in the compli a
to minimize negative itmpacts on | ocal governm

3. 4. pacts on Specific Persons

Whil e the obj ecStiavtee woifd ea mfsSobh rbgpaes @al pr omot e e |
effictiretencyt,atewi de eCASHE hbBeeamhere i s the poten
proposed comaey crheasnuget i n unce®esgpged ecodmssgqpen €
consequence, the Statewide CAREadtamndespschnbDi
persons or dEmegprepmosesd mmaasuoasy industrial
construction and should not have dnpyr odnpatit en
efficiency, once i mplemented.
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4 Energy Savings

The energy asiids cpseésamtaeysdonstbhtentewdth the
presented during the Energy Commi ssionds Marc
metrics (Cal iofnonminsisai oBn e2r0g2y0 )C The el ectricity

percent rettahé¢ mawderalanglas TDV factors includ:
|l eakage on the building site. The electricity
analyses wereEaoakbtgynaddf Eami ronment al Economi

contractor that20i2s2 dleD/\Ve Ifoapcitnogr st feor t he Ener gy
spreadsheet titledlBEpett RetailfrDVAdpO3R2aled by

Costs. x|l sx0. The natuirralt pease MeDrVg f ascd Wwirrsg U saemde
obtained from E3 in a spreadsheet titled

A202R2V TPol icy_ Compliant CH4Leak_ Fl atRtl Add_201
demand factors wused in the energy savings ana

spreadshee22 tTi0DV eRlenmamMd Factors. x|l sxo. The fir
Energy Commi sdsiionn Jruenlee a3s@20 wdeo®b2a0 war ming pot
(GWP) values inpgeazaradGWP daoleudd Ot hat were used
TDV factowearTlGeNR2 Qi aalcreeased the TDV factors s
savings presented imotk Whf faemdt ¢ helrynsTRY eor de mze

To estimate eneStgayt e RliEen Jeamt heed Air Master +
hourly energy use from reprhnesnsntopteirvade i agmpmas
|l oad profil es. cTohnep rreespsreeds eanith téi yeetdaerpes olf a d eeds

on 2PildBASReport code chhegpi péfoerztsng and | ea
measures are overlaid on thpi siedheopriohetde:
AirMaster+ was detvheel olpeepda ratsmepnatr tofofEner gy és | n
Program. The outputs of comer Ais s bbamsngammieyr model s
basi s.

For the |l eak rehdpuraet oy pevadrgpsd eslinsd ewiktsh oad
bet wédlkamn @ Qo er cienwpecremtncr e nPernottso.t ype system ener
calcul ated for each inereméntiohshepkbkebwdesno
and | eak | oad could be eeadedl!li cslhledtaelderddonr t hi s
| oad r eldeuvcetli on

For styhset emmspure reduat isemo doefilad g8 C 5 ¢ a tnende rveintt h
pi ppngssur e Olldssiepo wvdo g ehreastyisntgem pressure of 11

These model r utnos ehsetsadb ase @l ati onship between ¢
pressure |l oss (and resultant compressor disch
savingsaweukarn efdour model piping distribution

compressorTosgys tcemmsetnee rbgdyt panp i ngi mmlsit fsi, e d,
repr esemitpitngr esy satsessmsnewerfeor each prototype.
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4. Key Assunfpdari okhmer gy Savings Analysis

Key
1

Sin
ass
ass
di s

assumpti ons mapdreo tfostyysppee ms mbdel ede:

Systoemer aptriensgsur e qfCaldd opsiica Utilities St a
Standards Team 2013)

Basel ea& olffo@2d percent capacity with final

aftterak testing and monitoring metawores. Of
percent i staetstiinlgutaed pt e installation and
percent tnoonointgooriinngg and | eak management oVeE
Twenpteyr cent hibgmoad otheaccepted nor mal | eak |
setsimlTapercent | oladevnadf otnhet haeccepted industr
rangeaddressing | eaks when the | oad exceeds

where the effort becomeSe&eondood.bdabughd pr
3. 2f.o6r @uwWal tsupporting information.

Realtiiman rate of 80% for |l eak repairs in re

Baseload cpmpf ebe angantkerlclegnad with some va
dur i ngup aanmpd-d o wmp hwohumsemtcompr easisioes | oad v
according to pped oitry p2Gkl 3 €ackdied ocryncilae Ut i | i

St atewide Codes and Standards Team 2013)

t

Primary recdiwpeat /sifmedft ori m |eoxaids taisn gd ecsa dge
requirements

GeneAicMastcormpressors were selecmpdessom t
cat a,l ogepresentativeompltagptcabmprebsoR4ope

Trim compressor s VaSrDes se qrue gpwierde dwibtyh exi st i nog

System i6mOushgengesa (16 hours a day, 7 days a
per (e&€ar) fornia Utilities Statewi.de Codes

ce piping designsgemeryi ¢ rpimpisnsgtesdnt ot sii b @t i «
umpti on wascaneccud sasteer yprtessure drops and res
ociated with th&eyi msssaimpitnggnmedour ¢ . he mod
tribution systems include:

Si xsteyvpear cwtnitl i zat iemrd $usep ea kmdiodent2/ 8se i s
ohomisnamialeind matecefgt Compressed Air & Gas I n
Ar f al kCamplr8essed Air & Gahsp sl rnasniiesteunteec e2s0slabr)y
to corcroenpateessori agzdisorpbption si ze.

Anomaklmompressed air f¢ofesugrpd iwane oufsoe d
calcul ate teéred mwsEnet hefpppobhgtNMepstt esma |l |
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4.

4 .
Th

handhel d amrddasutswialalbiowse t hi sl amuwgédr wmat ki ne
may i nclude mamg sistadimpresald Air &.Gas | ns

T Square building with 10md sigsuseerde tfoe edte toefr mairn

piping |l engths).

T Maxi mum presseme duefheiss tfoom the compress

sour ce

T Looped udii otnrrinietald ei nt er mepir @t@mak égpi pe desi

pracamnad¢dei s conservative from a pipe sizing

Loop |l egs spaced to ensure that no end wuse
No secondary | ocapsi areomatcil mee®dseen in des.i
shoulev e great aseisndiuukrose® @addi ti onal pi pe

Energy Savings Methodol ogy

2Eder gy gSawient hodoProgtyoip@gmi | di ng
Energy Commi ssion directed thed h®t etneewigdye CA

i mpacts using prototypical bumardkentg cnodrdoeil tsi o nhs
St andRersd (masel iRro)podPeestli gn ( measure) conditions

fo
co
co
t h
Si
re
ef
w h

Co
w h
be
bu
as
re
Sy
Sy
St
t h
e X

r both new construction and addi trieeansanand a
mpressed air systems are unaflftehcotuegdh boyu tcsliidne
nditions at compressor inlets can affect <co
e effect is marginal and ductidgpfaomi oet si
nce there are no other | mpascptesc iffriocm nwoedaet! hi enrg
gu.iThesd at ewi de CASUEBNlMBeamari ati on between cl i
fectabomapercgjegunsti fyi ngvehagesel ofmatteozene TI
en calculating energy and energy cost i mpac
mpr essedmsyirre ag gt davaey p2gabgiyin industrial f

ich do CAStRrlbpgwee m pr ot otypes and have drast.i

t weenAsidttsRttaewi de CABEdDdTeamrely on custom
i 1ldings for the compressed air measures bas
determined from resear chThaen dS tsa taekveihdod dEAS E
l'ied omFitnttSROABrt i wkhil ckedt 6bypepcompressed
stems. There is an existing Title 24, Part
stem in qguestion and applies to both new co
andard Design is minimaitpecdmepriteg.atAsvigtihc i,

e representative c olmnapbrlédsesreed fradedd ¢ wstcompl iyn w
Il sting Title 2dbasPead toRol AAAIREH | Rement
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Tabl® Repr @asventCotmpressed Air Systems
Prototly ProtogRy Prot o8y Protody
Rated FlI 579 966 2,181 4,666
(cf m)
Nomi nal
Operatin 342 729 1417 3,138
Load (cf
Nomi nal
Load (cf 237 237 764 1528
Pri mary
Receiver 474 474 1,528 3,050
(g a)l |
75 hp, 150 hp 300 hp
| oad/ un | oad/ un | oad/ un 500 hp,
Compress singl e singl e singl e vane, m
P lubric lubric lubric stage,
i nject i nject i nject centrif
recipro recipro recipro
50 hp, 50 hp, 150 hp, 150 hp,
singl e singl e singl e singl e
Compress lubric lubric lubric lubric
injectedinjected injected injectreod
screw screw screw screw
150 hp,
singl e
Compr ess N/ A N/ A N/ A lubric
injected
scwe
Two | oad profiles were modeled for each syste
probabked on the 2013 Trhen allo aCdA Sper ORfeiploEritghae e s
4dandFi gbaee t he esaacnte pfrogtcatl yplet o match the capa
systMore detailed descriptions of Takel® syster
and Sedifiwomt her details the interacti®ns consi
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Prototype 1 Prototype 2

100% - 700 100% - 1200
5 \V4 500 5
& 80% 5 80% - 1000
° St w0 E
8 60% 400 G g 60% 5
- £ - -s00 &
S 40% - 300 7 S 40% ®
I o I . 400 ©
o - 200 < o -
g— 20% . 100 g— 20% . 200
o o
© % 0 © % 0
0 2 4 6 8 10 12 14 16 18 20 22 24 0O 2 4 6 8 10 12 14 16 18 20 22 24
Hour of Day (ending) Hour of Day (ending)
Base Load Factor —— Trim Load Factor Total Load Base Load Factor = ———Trim Load Factor Total Load
Prototype 3 Prototype 4
. 100% - 2500 . 100% - 5000
2 \/ 2 \/
IE 80% . 2000 IE 80% - 4000 ‘E
o ‘E o 0 | =
T 60% . 1500 & g 0% 3000 g
- < T 40% 2000 g
P P o -
S 40% - 1000 o 3
8 S & 20% - 1000
2 20% - 500 g
5 S 0% 0
O 0% 0 O 0 2 4 5] 8 10 12 14 16 18 20 22 24
0 2 4 6 8 10 12 14 16 18 20 22 24 Hour of Day (ending)
Hour of Day (ending)
—— Base Load Factor —— Trim 1 Load Factor
——Base Load Factor ——Trim Load Factor ———Total Load ——Trim 2 Load Factor —— Total Load

Fi gur ePr otweteykpla gz gr of i | es
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Fi gwbr ePr otweteykpendgr of i | es
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